FLOOD DAMAGE REDUCTI ON
RECONNAI SSANCE REPORT
SKAG T RI VER, WASHI NGTON
EXECUTI VE SUMVARY

This report presents the results of a reconnai ssance study
t hat was conducted under the authority of Section 209, Public Law
87-874 of the Flood Control Act of 1962. The primary purpose of
the study was to determne if there is a Federal interest in
pursuing feasibility-level flood damage reduction studies in the

Skagit Basin in Skagit County, Wshi ngton.

Thi s reconnai ssance study finds that an economcally feasible
solution exists for flood damage reduction in the Skagit Basin.
This solution includes a systemof |evees that would protect the
towns of Burlington, Munt Vernon and West Munt Vernon, from fl ood
events up to a 100 year frequency interval. Also, a series of new
overtoppi ng | evee sections and upgraded existing | evees woul d be
constructed to ensure flood protection for up to a 25 year event.

The plan woul d reduce average annual fl ood damages in the Skagit
Basin by $4,872,000 (from $9, 957,000 to $5, 085, 000) and woul d

el i m nate $459, 000 in annual fl oodproofing expenditures associ ated



with future devel opnment. The benefit-to-cost ratio of this
inprovenent is 1.1 to 1. These inprovenents woul d cost

approxi mately $49, 300, 000, which would be cost-shared at roughly 25
percent non-Federal and 75 percent Federal. The environnental

i npacts for the urban | evees would be relatively small, and inpacts
to the rural | evees could be significantly reduced with adequate
mtigation or avoidance in key areas and adverse inpacts could be
mtigated. The |ocal sponsor, Skagit County, favors this plan as a
basis for further evaluation and consideration of other
alternatives in the subsequent feasibility phase. Skagit County is
aware of the feasibility study and project cost sharing

requi renents of the project to be constructed, and have indicated
their intent to satisfy those requirenents. There is a Federal
interest in pursuing further studies of flood damage reduction

measures in the Skagit Basin.



SKAGIT RIVER
FLOOD DAMAGE REDUCTION
RECONNAISSANCE REPORT

Table of Contants

EXECUTIVE SUMMARY

TABLE OF CONTENTS

Section

1.

BHEKGRDUND L) - » L ] L] L] L] L] "

1.1
1.2
1.3

1.4

Study Autherity . . . . .
Study Purpose and Scope
Study History . . . .+ .«

1.3.1 General . . . . .
1.3.2 Summary of Previous
Engineers Studies .

- - -
& - -

Corps

of

Study Sponsorship and Coordination .

PLAN FORMULATION . . . . . . .

2.1

2.2

Existing Condition . . . .

2.1.1 General . . e o= .
2.1.2 Soclo-economics ., .
2.1.3 Cultural Repounrces
2.1.4 Hative American Cone
2.1.5 Fish & Wildlife . .
a, General ., ., . .
h - FiSh » " ] » »
. Wildlife . . .

& Water Quality . . .
7 HNavigation . . .

8 Transportation Earvi
9 Recreation . . . .

Basin Flocd Characteristics

Basin Description
Existing Projects
Climatoleogy . . . .
Storm Characteristic
Streamflow Records
Flood Characteristic

d. Threatened and Endange

a L] L]
L] L]
er 1'.I.E
L] L]

- »

L] L]

- -

ces

]

8 .
s,

ill‘lHl'il‘llil
v-taﬂ,as-.

n a L] L ] a L]
L ] L I B I ]

[ RN | R L R L . I T

« ¢ + 2 [D* » » » 4« ¥ v =

A & & & s 4 & @ 2 @ & ®

] & L] | ]

« +« x + [@e = & x 2 @1 0 =

] a L] n




2.3

B R RS D R B B RS B

- L L] - a
B RS BRI R BT B RS B
L] L ] " - L] [ ] L - -
ol ol ol T

Flood Warning and Runcff Timing
Tidal Flood Characteristics . .
Flood Frequencies , . . . . .
Interior Runoff . , . . . .
Flood Hydrographs . . , ., .
Reservoir Regulation ., . .
Upstream Storage Effects .
Raqulation Alternatives . .
Flood Damages . , . . . . , .

n

n L] L - n a L * L ]

Conditions . . . . . .

a, Flood Damages under Existing
b. Average Annual Damages .

Flood Damage Reduction Alternatives . .

2,3.1

2.3.2

2.3.3

No Action Alternative . . . . .
a, Description of Alternative
b, Impacts of the Alternatives
{1} Fish . . . . . . . . .
{2} wWildlife . . . . . .
(3) Threatened & Endangered
Species , ., . . . . .
(4) Recreation . . . .
{5) Socioceconomics . .
(6} Cultural Regources
c. Conclusions . ., . . ., .

n n & * r

Alternative 1 - Overflow Channels

a. Description of the Alternativa

b. Flood Channel Alternative . .

c. Impacts of the Alternative .

(L} Fish . . . . . . . « . .

) wildlife . ., . . . . . .

) Threatened & Endangered S
} Recreation . , . . . .

} Water Quality . . .’

(6) Cultural Resources

d. Costs and Benefits ., .

e. Conclusions . . . . . .

O st

{
{
(
(

]
-
-
L]

n *

llltll"u-lt'll

Alternative 2 - Urban Flood Control

Overflow Laevees in Rural Areas
(Selected Alternativees) . . . .
a, Description of Alternative
{1} Backgrouvwnd . . . . -
{(2) Alternatives Elements
b, Impacts of the Alternatives
(1) Fish ., . . .. . . ..
Wildlife . , . . . . .

4« 4 F F & * ¥

Recreation . . . . . . .
Water Quality . . ., . .
Cultural Resources , . .
Native American Concerns

— . —
~l Oh L e L A
e St Sah Y St il

Threatened & Endangered S

p

e

L L] L] L} L] L] » [ ] [ ]
- | ] & . L] L ] a [ ] L]

* * & a2 w
L

L) » L] L] ]
L] L) + L] [ ]

eci

tt-v-ﬂoct-s
* & 4 9 ¢ [(Br &2 » »x & 2

and

x r o & {3 v F B oA 4w
[
LI DR DR R | | I T T T T S




c. Hydrolegy . . . . . . . . .
d. Inundation Reduction Benefits
e. Other Benefit Categories
f. Project Justification . .
g. Conclusions , ., . . . . .

2.3.4 Alternative 3 . . . . . « « =
conclusions r e m s % e v e e e s s 4

Proposed Feasibility Studies . . . . , , .

Divisicen of Btudy and Preoject Responsibilities

Study Participants and Cecordination . . .

Recommendations . .+ « « = s + & & & = =

* Ll L] L] n

@ & & = %




11,

12.

LIST OF TABLES

Historical Population, Washington and Skagit County

Selected Anadromous Pish Species in the Skagit
Basin [ ] L] " n a » - - L] a L] L] » + L4 - Ll -

Highest Recorded Pesk Pischarges {Regulated) .
Discharge/Frequency Data {Regulated} ., . ., . .
Diking District 1992 Asasssed Values . . . . .
Expected Damages for Various Flood Eveﬁts - .

Existing Condition Annual Flood Damages by
ECDHCH'Hi [ Suh-ﬁrEEE L) L) = s a % - - =- - = = =

Alternative 1 - Flood Reduction Benefits . . .
Potential Ponding Volumea . . . . . . . . . .
Alternative 2 - Urban and Rural Levee Sections

with Control Structures - Economic Analysis by
Sub-Areas B e

River

L I S

- L] L]

Summary of Annual Benefits and Costs of Selected

Alternative = e R A A o R R R oE om oA e s

Summary of Project Cost Estimates . . . . . .

n L ] -

L} - L)



LIST OF FIGURES

Economic Analysis Sub-Areaas . . . .

Alternative 1 - Samish Bay Diversion

LIST OF PLATES

Skagit River Basin . . « + « + + + &
Plan and Cross—-Section {Alternative

Plan (Alternative 3) . . . = « « - «

APPENDICES

Sponsor Correspondence . . . .« . . .
Hydraulic Repoxrt . . + « « + « &+ o« &«
€Cost Engineering Report . . . + . .
Real Estate Report . . . + « «+ & =« -

Fish & Wildlife Report . . . « « « &

+ = = ® B O #

Channel . . .




SECTI ON 1. | NTRODUCTI ON
1.1 Authority. The Skagit River Flood Danage Reduction Study
was aut hori zed under Section 209 of the Flood Control Act of 1962,

Public Law 87-874.

1.2 Study Purpose and Scope.

The purpose of this report is to present the results of a
reconnai ssance investigation addressing flood problens in the

Skagit River Basin, WA. (See Plate 1 - Skagit River Basin).

The scope of this study is to identify problenms, opportunities
and potential solutions to flood problenms within the Skagit River
basin fromthe town of Sedro Wolley downstream 20 mles to the
mout h of the Skagit River, to appraise the Federal interest, and to
devel op project costs and benefits. An appropriate bal ance of
econom ¢, environnmental, and engineering considerations were
evaluated in the alternatives considered. The |evel of detai
presented in this study is limted to that necessary to establish
if feasibility level planning studies should be conducted.

Ext ensi ve use was made of existing data and information from prior

studi es and reports.



1.3 Study History

1.3.1 Ceneral.

The Skagit R ver valley has had a | ong history of
fl ooding since the area was first settled in the md-1800's. In
the vall ey bel ow Sedro Wol | ey, the maxi num safe channel capacity
varies from 100,000 cfs to 146,000 cfs. Since 1908, 100,000 cfs
has been frequently exceeded during the winter floods, which
normal Iy occur from Cctober through March. During the Novenber 25-
26, 1990 flood, the river peaked at 148,700 cfs at Concrete and
152,000 cfs (approximately a 35 year event) at Munt Vernon. Sone
fl ood protection is provided by a conbi nati on of upstream storage
at hydroel ectric projects and downstream | ocal flood protection
wor ks. However, flood damages in the Skagit Ri ver Basin remain
hi gh. The Novenber 1990 fl oods caused $39, 800,000 in price updated
damages in the |lower basin with extensive danmage to fl ood
protective works, residential structures and agricultural |ands and

crops.

1.3.2 Summary of Previous Corps of Engineers Studies.

In the 1920's and 1930's two Arny Corps of Engineers
studi es were authorized by Congress (HD 125, 69th Congress, 1st



Session and HD 157, 73d Congress, 2d Session) to evaluate the need
for flood control projects along the Skagit. None were recommended
until the Flood Control Act of 1936 authorized an Avon Bypass
project to provide for diverting a portion of the Skagit R ver

fl oodwat ers between Burlington and Mount Vernon into Padilla Bay.
In 1952, the project was classified inactive because the | ocal

participation requirenments could not be net.

In 1966 Congress authorized (HD 483, 89th Congress, 2d
Session) a reconsideration of the Avon Bypass project with | evee
and channel inprovenents along the Skagit Ri ver bel ow Sedro Wol |l ey
and nodification of the Avon Bypass to permt Federal participation
inrecreation facilities. A 1979 General Design Menorandum
recommended an extensive | evee system from Sedro Whol | ey,
downstream 20 mles to the nouth of the Skagit River. The |evees
were to provide Standard Project Flood (SPF) protection to Munt
Vernon; 100-year event protection to the conmmunities of Sedro
Whol |l ey, Sterling, Burlington, Avon, and C ear Lake; and 50-year
event protection in the remaining rural areas. The study was
deferred after Skagit Basin residents failed to support a public
bond issue to fund the proposal, and is in the process of being de-

aut hori zed.



In the 1970's the Corps of Engineers also participated in an
i nteragency task force with the Pacific Northwest R ver Basins
Comm ssion under the authority of the Puget Sound and Adjacent
Wat ers Conprehensive Study. 1In 1974 the study was transmtted to
Congress with recommendati ons for additional flood control storage
at the Upper Baker Project and construction of the previously
aut hori zed Avon Bypass and Skagit River Levee and Channel
| mpr ovenent proj ects. In 1977 the Corps of Engineers recomrended
and Congress authorized (House Docunent 149, 95th Congress, 1st
Session) a plan to provide an additional 58,000 acre-feet of flood

control storage in Upper Baker Damfor a total of 74,000 acre feet.

The Seattle District, Corps of Engineers initiated a Section
205 Fl ood Damage Reduction Study for West Munt Vernon in February
of 1993. West Munt Vernon is connected to the main portion of the
City of Mount Vernon by a State Hi ghway 536 bridge. The western
bank of the Skagit is leveed in this area, but there is a | ow spot
just west of the bridge abutnent.

During floods it has been the |ocal practice to construct an

earthen bermacross this low point. As flooding continues, access



to the state highway bridge can beconme cut off. Should the |evees
be breached, exits from Wst Munt Vernon would be cut off, posing
hazards to life and property. Inprovenents to the West Munt
Vernon | evee system woul d be conpatible with | evee inprovenents
proposed as part of this General Investigation Study and woul d
reduce construction costs. This portion of the overall plan is
bei ng studi ed now because of the potential for significant |oss of
life without the proposed project. The proposed project in Wst
Mount Vernon woul d be conpatible with any concei vable plan for the

overall basin.

Fol | ow ng the Novenber 1990 fl oods, the Corps of ENngineers
and the Federal Energency Managenent Agency (FEMA) conpl et ed
approximately $5.5 million in levee repairs at 12 |ocations

t hroughout the Skagit basin, primarily at Fir Island.

1.4 Study Sponsorship

The Gty of Munt Vernon, by letter dated Septenber 22, 1988,
request ed Corps of Engi neers assistance in providing a solution to
the flooding problens for the city. By letter dated Decenber 28,

1990, Skagit County officials requested a w dening of the study



scope to include a conprehensive basi n-w de approach (See Appendi x
1). Both sponsors have offered to share costs in accordance with
the Water Resources Devel opnent Act of 1986 (Public Law 99-662).
Significant |ocal and Congressional expressions of interest have
been made in various forns, especially after the devastating fl oods
of Novenmber 1990. A Citizens Advisory Conmttee fornmed in 1992
meets nonthly with the Corps of Engineers on the status of the
reconnai ssance study. Menbers include representatives fromthe
Skagit Valley diking districts, valley cities of Skagit County and
specially affected areas. The comm ttee sponsored a workshop in
1993 in the Sam sh valley and attended a nunber of Corps and
Count y- sponsor ed wor kshops t hroughout the basin. The Corps of
Engi neers has net repeatedly with all the diking districts.

The County Comm ssioners, the Citizens Advisory Conmttee and
Skagit County staff have been briefed on the outcone of this
reconnai ssance study and fully support continuing into the
feasibility phase. The County Comm ssioners' letter of April 15
1993 shows their support for going into the next phase of the study
(See Appendi x 1).



SECTI ON 2. PLAN FORMJLATI ON

2.1 Existing Conditions

2.1.1 Ceneral
The project location is the ower Skagit River in

Skagit County, Washington. As shown in Plate 1, the Skagit River
Basin is situated in the northwest corner of the State of
Washi ngton. The basi n enconpasses 3,140 square m | es and extends
about 110 mles in a north-south direction and approxi mately 90
mles in an east-west direction between the crest of the Cascade
Mount ai ns and Puget Sound. The northern end of the basin extends
28 mles into British Colunbia, Canada. Wthin the United States,
the Skagit River drainage basin |ies south of the Nooksack River
and north of the Stillaguam sh and Snohom sh Rivers. The Sam sh
Ri ver Basin lies immediately north of the Skagit R ver and

enconpasses 106 square m |l es.

The entire floor of the Skagit R ver Valley and deltas of the
Sam sh and Skagit Rivers conprise the flood plain. The flood plain
covers approximately 96,000 acres; 74,000 acres are fertile delta
| and downstream and west of the Gty of Sedro Wolley; and 22, 000

acres are river-bottom| and east and upstreamof the Cty. The



maj or portion of the bottom | and east of Sedro Wholley is devel oped
farnmsteads, and the remainder is nostly uncleared or swanpy. Farns
in the delta are highly devel oped and well maintained. The

communities of Burlington, LaConner, C ear Lake, Avon, Conway, and

Mount Vernon are situated principally on delta |and.

2.1.2 Soci oeconom CS

The Skagit River Basin lies predomnately in
Skagit County. Skagit County is used as the basis for describing
t he soci oeconom ¢ environment due to the availability of data at
the county |l evel and because water resource devel opnent of the
Skagit River would have an inpact on a substantial portion of the

residents and economc activities of the county.

Skagit County has a diversified econom c base nmade up of
agriculture, forest products, fisheries, food processing, oi
refining and chem cal industries. Enploynent by County, city, and
sone Federal agencies also contribute to the |ocal econony. The
| argest farmng area is west of Sedro Wholley, with about 60, 000
acres of rich delta lands in the flood plain. Half of the
agriculture industry is devoted to dairy producers, thus Skagit

County is ranked fourth in the state in dollar value of dairy

10



products sold. Mgratory runs of sal non and steel head provide a
sport and commercial fishery resource. Plants in La Conner and
Anacortes process commercial catches of fish. Forest resources
provide logs that are trucked to pulp and lunber mlls in
Anacortes, Everett, and Bellingham Logging restrictions resulting
fromenvironnmental issues have sharply reduced enploynent in the
forest products industry the |ast 10 years, however. Non-
manuf act uri ng enpl oynent in Skagit County grew by over 50 percent
the last 15 years, with jobs in the trade and service sectors
representing 51 percent of County-covered enploynent in 1990.
County, city and Federal Governnent and manufacturing were the next
| argest enpl oynent categories, representing 20 and 15 percent,
respectively, of total county enploynent in 1990.

During the 1970s and 1980s, Skagit County's popul ation grew
faster than both the state and national average, due to immgration
of new residents, in part because the county serves as a bedroom
community for the urban Everett area. Munt Vernon, the |argest
city in the county, was also the fastest growi ng, increasing at an
average annual rate of 3.7 percent between 1970 and 1992, as shown
on Table 1. Forecasts of population growh fromthe Skagit County
Pl anni ng Departnent show county popul ation at 131,885 by the year

2010, a 54 percent increase over 1992.

11



@ | ¢
TAHLE 1.

HISTORICAL FOPULATION
MASHINGYOK ANO SKAGIT COUNTY

Average Ann,
Increase

1970 12840 1%90 ' 1992 1970=19%2
washington State 3,409,165 4,132,204 4,866,692 5,116,700  1.9%
Skegit County 52,381 64,13B 79,555 45,500 2.3%
Unincorporated 28,403 30,292 38,183 40,500 2.0%
Towns of: |
Anacortes _ 1,781 &.,013 11,451 12,110 2.1%x
Surlington 5,138 3,894 4,349 4,690 l.ox

— Eoncrete 573 592 735 130 l1.1%x
® Hamilton 201 243 228 220 D.&%
La Conner 539 660 658 $20 0.3%
Lyman 124 285 275 290 -0.5%
Mount VYernan p,8D4 1>,00% 17,647 - 19,550 3.7%
Sedze Woolley 4,598 -&,11D 6,031 6,710 1.7%

Source: U.5. Bureau of Census, Census of Pppulation




2.1.3 Cultural Resources.

Reconnai ssance, survey, and excavation of historic and
prehi storic cultural resources have been carried out sporadically
in the Skagit Delta for 25 years. During the summer and fall of
1978, a cultural reconnai ssance study was conducted by the Corps of
Engi neers along the Skagit River between Sedro Wolley and Skagit
Bay. The reconnai ssance identified 54 cultural resource sites in
this area, 20 of which are prehistoric and 34 historic, including
homest eads, ceneteries and other donmestic, nmunicipal and comerci al
| ocations. Several deeply buried "wet" sites have been found in
the Skagit Delta. The oldest materials found so far in the Skagit
Delta and vicinity are less than 5,000 years old. Permanent
vil |l ages associated with several Salishan-speaking |Indian groups
were situated along the Skagit River, particularly near its nouth

and at the outlet of sloughs, and on Skagit Bay.

Euro- Anerican settlenent did not begin until the |late 1850's.
ol d strikes in the 1870's brought in mners who turned to farm ng
and | ogging after the gold gave out. Local diking districts built
| evees along the river to support agricultural use of |ow ands

through the late 1800's and into the first half of this century.

13



2.1.4 Native Anerican Concerns. The study is in territories

ceded in the Point Elliot Treaty Council of 1855 by the Lower and
Upper Skagit Tribes of Indians. The Munt Vernon and Burlington
area | evee devel opnents are in the Upper Skagit area and the Fir

| sl and devel opnents are in the Lower Skagit area. The Sw nom sh

I ndi an Tribal Community near La Conner is the current political
representative of the Lower Skagit Tribe. The Upper Skagit Tribe
is seated at Sedro Whol ley. The Sauk-Suiattle Tribe is located in
Darrington near the Sauk River. All three tribes have usual and
accustoned fishing places throughout the Skagit R ver. Past flood
control activities have severely di mnished the anadronous
fisheries resources depended upon by the three tribes, and recent
studi es indicate that harvest opportunities for coho sal non have
been reduced by half as a result of these activities. This has

created severe economc inpacts on the tribal econom es.

2.1.5 Fish & Wldlife.

a. General. The follow ng discussion reflects
i nput fromand coordination wwth the US Fish & Wldlife Service
(FW5) Report (reference Appendix 5). The watershed of the Skagit

River is over 3,000 square mles. The upper Skagit basin is in the

14



Cascade Mountain range (Washington and British Col unbia) and has
el evati ons of over 8,000 feet with narrow precipitous canyons.
Much of the upper basin, above Mrbl enount, is publicly owned | and
contained in North Cascades National Park, Ross Lake Nati onal
Recreation Area, G acier Peak WIlderness and the M. Baker-
Snoqual m e National Forest. In the md to | ower reaches of the
basin, forest harvesting is practiced extensively. The |ower
Skagit valley, below Sedro Wolley, is a broad, generally flat
flood plain with extensive agricultural developnent. The mgjority
of the population, in the Skagit basin, lives in the | owlying

fl ood plain.

The Skagit River basin is rich in natural resources. The
upper to md slopes are heavily forested with conifers and are
prinme habitat for many varieties of |arge manmal s, birds and
smaller mammals. There are still many natural wldlife habitat
areas in the lower agricultural areas of the valley; along the
river are forested riparian areas and wetlands. The delta, wth
its marshes and sl oughs, as well as large, open agricultural
fields, is very inportant for mgratory waterfow and other birds,
and a wildlife recreation area operated by the Washington State

Departnent of Wldlife is |located on Fir Island.

15



The Skagit River divides into two distributaries just bel ow
the town of Mount Vernon; the North and South Forks. Mich of the
river, below Sedro Whol |l ey, has been extensively channelized,
| eveed and arnored wth riprap. The extensive streanbank
nodi fi cations have reduced the fish and wildlife support functions
of the river and nearby riparian areas. The remaining habitat
areas have becone increasingly nore inportant as they becone nore
scarce. The river itself is a vital transportation route and
spawni ng area for anadronous fish, such as chinook, coho, chum and

pi nk sal non, steel head and ot her trout species.

Agricul ture, urbanization, channel nodification and forest
practices have significantly changed the Lower Skagit valley, as

wel | as the upper watershed.

b. Fish. Al five species of salnon use the Skagit River
system spring and sumer/fall chinook (Oncorhynchus tshawytscha),
coho (O kisutch), pink (O gorbuscha), chum (O keta) and sockeye
(O nerka). Steelhead trout (O nykiss), cutthroat trout (O
clarkii), Dolly Varden char (Salvelinus malm), bull trout (S

confluentus) and white sturgeon (Acipenser transnontanus) are al so

16



present. Mst of these popul ations are maintai ned by natural
production, however, hatchery production augnents the chi nook, coho

and steel head runs (see Table 2 for additional information).

17



TABLE 2
Sel ect ed Anadronous Fish Species in the
Skagit River Basin

Spawni ng Juvenil e
Fi sh Speci es Pr oduct i on? Peri od Qut mi gr ati on
Spri ng Chi nook 5, 300 July - March -
Sept enber July
Summer/ Fal | Chi nook 49, 800 Sept enber March -
June
Coho 149, 900 Decenber March -
June
Pi nk* 1, 350, 000 Sept enber - March -
Cct ober May
Chum even year 258, 900 Decenber March -
odd year 68, 000 May
Sockeye not avail abl e Sept enber N. A
St eel head, sunmer 16, 800° February April -
W nt er March - May
June

! Production includes total catch and escapenment from recent year
catches, generally md-1980's to 1990. From U S. Fish & WIldlife
Planning Aid Letter (see Appendix 5).

2 (dd-year only runs.

® Includes hatchery and natural production for both runs.

18



Chi nook sal non enter the systemas two discrete races, the
spring and summer/fall runs. The spring chinook enter the system
in May or June, spawning fromJuly to early Septenber in the upper
Cascade River, the upper Sauk River and the tributaries of the
Suiattle River. The juveniles rear in freshwater for a few nonths
and outmgrate from March to July. The sumer/fall chinook enter
the systemfromlate June to early August, spawning in Septenber in
the mainstem and the major tributaries. The juveniles outmgrate
intheir first spring fromlate March to June. Both runs are
cultured at the Cark Creek hatchery near Marbl emount with
outmgration usually coinciding with the natural runs. The 1992
Sal non and Steel head Stock Inventory has identified the Lower
Skagit and Lower Sauk chi nook stocks as being depressed. This
categori zation indicates that production is bel ow expected | evels,

but where permanent danmage to the stock is unlikely.

Coho sal non enter the systemfrom|ate August to Septenber,
spawni ng i n Decenber in all accessible tributaries. The juveniles
rear in freshwater for a year and outmgrate in their second year
from March to June. The natural run of coho has been significantly
reduced over the last few years. Coho are cultured at both state

and tribal hatcheries. The 1992 Sal nobn and St eel head Stock

19



I nventory has identified the Skagit coho stocks as bei ng depressed.
This categorization indicates that production is bel ow expected

| evel s, but where permanent damage to the stock is unlikely.

Pi nk sal non enter the systemin odd-nunbered years only from
August to October. Spawning occurs from Septenber to | ate Cctober
in the mai nstem above Lyman, the Sauk River, Cascade River and
other major tributaries (except the Baker River). The juveniles
are snolts at enmergence and imediately outmgrate from March to

May.

Chum sal non enter the systemfrom Cctober to | ate Decenber,
spawni ng i n Decenber in the mainstem side channels and sl oughs
upstream of Rockport and the Sauk and Cascade Rivers. The

juveniles outmgrate from March through Muy.

Sockeye sal non have been severely reduced in nunbers,
possi bly due to dans on the Baker River. They enter the system
fromJuly through August and spawn on specially constructed beaches
in the Baker River system Several agencies are trying to restore
t he sockeye run in the Skagit. The 1992 Sal nron and St eel head Stock

I nventory has identified this stock as being a critical stock which
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has declined to a point where it is in jeopardy of significant |oss

of within-stock diversity or extinction.

Steel head return in sumer and winter runs, from both
natural and hatchery production. The summrer run enters from My to
Cct ober and do not spawn until February to March in the upper
headwaters and tributaries. The juveniles rear in freshwater for
two or three years before outmgrating fromApril to late May. The
W nter steel head enter the systemfrom January to March, spawni ng
fromMarch to June in the nmainstem and nost tributaries. Hatchery
w nter run steel head enter from Decenber to February, spawning from

January to March near the hatchery facilities.

Searun cutthroat trout and Dolly Varden/bull trout char run
over much of the year in the Skagit. Spawning peaks for the
cutthroat in February and March. Spawni ng peaks for the Dolly
Varden from Septenber through Novenber. The juveniles rear in
freshwater for two or three years before outmgrating in the

spring.

Most of the anadronobus sal non and trout species outm grate

during the period from March through June. The sloughs and side
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channel s provide rearing habitat for juvenile chinook and coho.
Spawned out steel head and cutthroat go downstreamfrom March to

June.

White sturgeon are al so present but sparsely distributed.
Several resident fish species occur in the basin including:
resi dent rainbow and cutthroat trout, resident Dolly Varden and

bull trout, whitefish, scul pins, |arge suckers, peanouth and dace.

The Sam sh River also has runs of chinook (hatchery), coho
and chum sal non. Small steel head and cutthroat runs al so occur in
the Sam sh River. The 1992 Sal non and Steel Stock Inventory has
identified the Sam sh wi nter steel head stocks as bei ng depressed.
This categorization indicates that production is bel ow expected

| evel s, but where permanent damage to the stock is unlikely.

c. Wlidlife. The Skagit River basinis rich in wldlife
resources with the greatest diversity in the nore wooded areas east
and north of Burlington. The project area lies in predom nantly
urban and agricul tural areas around Burlington and Munt Vernon.
Deci duous forest areas exist near the river and scattered between

Mount Vernon and Sedro Wholley. The delta area below the fork is
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critical habitat for nunerous species of mgratory birds.

WIldlife species include blacktail deer, beaver, m nk,
muskrat, raccoon, river otters, coyotes, foxes, rabbits and snaller
rodents. Nunerous bird species are present seasonally or as
residents. Bald eagles, peregrine falcons, red-tail ed hawks,
northern harriers, kestrels, ospreys, great horned ows, and barn
ows are common raptors in the area. The wintering concentrations
of bald eagles and other migratory species are quite high.

Numer ous passerine species are al so present.

The marshes around the delta area support a rich variety of
invertebrates, small fish, anphibians and reptiles that support the
bl ue heron, green-backed heron and ot her wading birds. Trunpeter
and tundra swans, Canada geese, snow geese, nallards, w dgeons,
teal and ot her ducks commonly migrate through the area utilizing
both the marshes and agricultural fields. The comon nerganser,
ouzel, and belted kingfisher are residents. Ruffed grouse and

ri ng- necked pheasant are common in the forested and shrubby areas.

The upper basin contains the nost diversity of wildlife

because of its large area and the extensive areas of protected
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public land. The typical mature overstory in nonprotected areas
consi sts of second growth Douglas fir, western red cedar and
western hem ock. In clearcut areas, internedi ate species such as
vine mapl e, Pacific dogwood, willow and red al der are common.
WIldlife species in the upper basin are skunk, red and gray fox,

bl ack tailed deer, black bear, elk and bobcat. Many of the raptor
and passerine bird species fromthe | ower basin are common in the

upper basin as well.

d. Threatened and Endanger ed Speci es. Sever a

listed species occur in the Skagit River basin including: bald
eagl e, peregrine falcon, bull trout, red-1egged frog, spotted frog,
and California floater. There nmay be a listing of one or nore

sal non species in the Skagit River due to the | oss of habitat and

overfishing probl ens.

2.1.6 Water Quality.

Water quality in the upper river (above Marbl enount)
is excellent. The lower river is sonewhat degraded from | oggi ng,
agriculture and urban runoff. However, the Skagit River is stil

rated as Class A by the Washi ngton Departnment of Ecol ogy.
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2.1.7 Navigation

Navi gation on the Skagit R ver is confined to
recreational navigation throughout a great portion of the streamto
Mar bl emount. Deeper water is in the North Fork's tributary, but
access to and fromsaltwater is feasible only during high tide
stages. In 1965, the Corps of Engineers conpleted a report that
concl uded that inprovenent of the Skagit River for navigation was
not economcally feasible at that tine because transportati on cost
savings in waterborne commerce would be too small to justify the
expendi ture necessary for developing a project. Also, navigational

i nprovenents coul d have severe environnental effects.

2.1.8 Transportation Services.

Skagit County is served by nost major fornms of
transportation (see Plate 1). Burlington Northern Railroad
provides rail access to the area. The county is readily accessible
by vehicle fromlI-5, which extends north-south, and SR 20, which
runs eastward from Di scovery Bay, through Port Townsend and Qak
Har bor, up the Skagit River Valley, and across the Cascade
Mount ai ns i nto eastern Washington. Deep-draft shipping term nal
facilities serve petroleumrefineries at Anacortes, and ferry

service from Anacortes links the mainland with the San Juan | sl ands
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and Sidney, B.C. near Victoria, B.C. There is no major schedul ed
commercial airline service in the area, but local airfields are

operated for charter and regi onal service.

2.1.9 Recreation.

The Skagit basin currently offers excellent
recreational opportunities, especially in the upper basin. In
publicly owned areas there are numerous opportunities for hiking,
bi rd wat chi ng, photography, recreational boating and ot her
activities. The Sauk River is designated as a Wld and Scenic
Ri ver (adm nistered by the U S. Forest Service) as is the Skagit
Ri ver above Sedro Wolley. The |Iower basin and delta are renowned
for bird watching opportunities, especially when bald eagles, snow
geese and other mgratory birds are present. The |evel county
roads throughout the |lower basin are heavily used by recreational
cyclists, particularly during the spring flowering of the
commercial bulb fields. The annual Tulip Festival in Munt Vernon
is a popular tourist event drawing visitors fromthroughout the

Seattl e-Bel |l i ngham corri dor.

2.2 Basin Flood Characteristics.

2.2.1 Basin Description. A reconnaissance |evel hydrol ogy

26



anal ysis was perfornmed for the | ower portion of the Skagit R ver
downst ream of the USGS stream gage near Concrete to Skagit Bay.

The | ast maj or hydrol ogi ¢ study was performed in 1979 for the
Skagit River, Washington, Ceneral Design Menorandum Levee

| nprovenents. This reconnai ssance | evel investigation updates the
1979 study data for input to unsteady state hydraulic nodeling of
the |l ower Skagit River from Sedro Wolley to the nouth. Overall
the addition of new streanfl ow data through 1990 produced a slight
rise of about 5 percent in regul ated di scharge frequency esti nates
at Concrete and an average decrease of about 5 percent in the Munt

Ver non regul ated di scharge frequency esti nates.

The Skagit River originates in a network of narrow,
preci pi tous nmountain canyons in Canada and fl ows west and south
into the United States where it continues 135 mles to Skagit Bay.

The streamfalls rapidly fromits source near 8,000 foot elevation
to an elevation of 1,600 feet at the U S. Canadi an border before
flow ng through three Seattle City Light owed dans. Below the
dans, the main river flows in a valley 1 to 3 mles wde from
Rockport to Concrete (river mle 54.1) and then to Sedro Woll ey
(river mle 22.3). In this section, the valley walls are steeply-

rising tinbered hills.
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Bel ow Sedro Whol | ey, the valley descends to nearly sea | eve
and widens to a flat, fertile outwash plain that joins the Sam sh
valley to the north and then extends west through Mount Vernon to
LaConner and south to the Stillaguam sh River. Between Munt
Vernon and Sedro Whol l ey, a large area is being used as storage,
primarily in the Nookachanps creek basin along the |left overbank of
the Skagit River. For very high river flows at Munt Vernon (over
146, 000 cfs) a portion of the Skagit River in this reach can
overflow al ong the right bank and escape out of the systemthrough
Burlington to the Sam sh River and Sam sh Bay. The Skagit R ver
conti nues through a broad outwash plain in the | ower reach nearest
the river nouth and divides between two principal tributaries, the
North Fork and the South Fork, which are 7.3 and 8.1 mles |ong,
respectively. About 60 percent of the discharge is carried by the
North Fork and the remainder is carried by the South Fork during

t he usual range of river discharges.

The Sauk River (drainage area 732 square mles) is the | argest
tributary in the Skagit R ver basin, and enters the Skagit River at
river mle 67.2. The Baker River (drainage area 297 square mles),

the second | argest tributary, enters the Skagit R ver at river mle
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56. 5.

2.2.2 Existing Projects. Five dams have been constructed in

the Skagit River Basin for generation of hydroelectric power. (See
Plate 1). Two of these dans (Ross and Upper Baker) al so provide
considerable flood control storage. At Ross Dam induced non-
surcharged storage up to a maxi mum of approxi mately 120, 000 acr e-
feet (elevation 1602.5 feet) nay be utilized to control critical
and maj or floods. Flood control storage at Upper Baker Dam has
been increased from 16,000 (Il ost valley storage replacenent) to
74,000 A.F. (elevation 724.0) in 1977 in accordance with the
Secretary of the Arny and the Chief Engineers in House Docunent No.
95- 149.

Seattle Gty Light owmns three dans on the nai nstem Skagit
Ri ver (Ross, Doable, and Gorge Dans). Ross Dam (river mle 105),
conpleted in 1949 has a total naneplate capacity of 360, 000
kilowatts (kW. D ablo Dam was conpleted in 1930 at a point about
4 river mles below the present Ross site, with a total nanepl ate
capacity of 122,400 kW Gorge Dam about 4 mles down river from
Di abl o Dam was conpleted in 1961 and has a nanepl ate capacity of

137, 700 kW
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Two dans on the Baker River are owned by Puget Sound Power and
Li ght Company. The first dam (Lower Baker), conpleted in 1927 at a
site near the nouth, has a nameplate rating of 64,000 kW The
second dam at Baker Lake (Upper Baker), 8 m|es upstream of Lower
Baker Dam was conpleted in 1959 with a naneplate rating of 94,400
kW

During the Novenber through March flood season, flood control
regul ati on at both Ross and Upper Baker danms comrences when the
natural flowin the Skagit River near Concrete is forecast to reach
or exceed 90,000 cfs within the next 8 hours. The Corps of
Engi neers directs operation of Ross and Baker projects during major
floods. Project releases are selected with reference to form
operating plans which consider flows at Concrete, reservoir pool
el evations, and observed and forecast reservoir inflows and

| ocal /tributary runoff.

2.2.3 dimtology. Mean nonthly tenperatures in the Skagit

Ri ver basin vary from about 40.1 degrees F at M. Baker Lodge to
50.7 degrees F at Concrete. Normal nonthly tenperatures vary in

January from 26.9 degrees F at M. Baker Lodge to 37.7 degrees F at
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Sedro Wolley and in August from 56.7 degrees F at M. Baker Lodge
to 64.7 degrees F at Diablo Dam Tenperature extrenes recorded in
this basin are 109 degrees F at Newhal em and -14 degrees F at the

Darrington Ranger Station.

Mean annual precipitation varies from40 inches or |ess near
the nouth of the Skagit River and in the portion of the basin in
Canada which lies in a topographic rain shadow, to an average of
180 inches or nore at the higher elevations of the Cascade Range in
the southern end of the basin and over the higher slopes of M.
Baker. Mean nonthly precipitation at stations in or near the basin
ranges fromO0.82 inch in July at Anacortes to 16.99 inches in
Decenber at M. Baker Lodge. The maximum recorded precipitation
for 1 nmonth was 41.95 inches at Silverton in January 1953. Storm
studies indicate that 5 to 6 inches of rainfall in a 24-hour period

have occurred over much of the basin.

Snowfall in the Skagit River Basin is dependent upon el evation
and proximty to the noisture supply of the ocean. The nean annual
snowfall varies from5.6 inches at Anacortes to 525.3 inches at M.
Baker Lodge with an annual maxi num of 699 inches recorded at the

|atter. Snow surveys have been made within the Skagit Basin since
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1943. I n 1958, an updated network of snow course survey sites was

established in the Baker Ri ver Basin.

2.2.4 StormCharacteristics. In the winter, the Skagit River

basin lies directly in the path of many | ow pressure weat her
systens fromthe Pacific Ocean. Characteristically, these storns
are typically about 24 hours in duration, with noderate and fairly
constant precipitation sel dom exceedi ng one inch per hour. Not
uncommon are two or nore stornms in rapid succession, sonetinmes |ess
than 24 hours apart. As storns pass over the nountains, a

conbi nation of frontal and orographic effects can cause heavy and

al nost conti nuous precipitation.

2.2.5 Streanflow Records. Four USGS continuous recording

stations were examned in this study. These stations are the Sauk
Ri ver near Sauk (#12189500, river mle 5.4), which has continuous
record that extends back to July 1928, the Skagit R ver near
Concrete (#12194000) with record that extends back to Septenber
1924, the Skagit R ver near Sedro Wholley (#12199000) with record
avai | abl e between 1908 to 1928 and February 1975 to June 1980; and
t he USGS gage at Munt Vernon (#12205000, river mle 15.7) with

record that extends back to Cctober 1940.

32



Hi storic flood peaks are published by the USGS for year 1815,
1856, 1898, 1910, 1918 and 1922 for Concrete. The maxi num historic
di scharge was 500,000 cfs and occurred in 1815 at Concrete. Table
3 lists flood peaks for the five highest recorded regul ated fl ood

peaks at Concrete and Mount Vernon.
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H ghest

SKAG T RI VER

NR.

CONCRETE

(USGS #1294000)

Dat e

10
26
25
18
04

90
80
90
79
75

TABLE 3

Fl ow, cfs
149, 000
148, 700
146, 000
135, 800
122, 000

2.2.6 Flood Characteristics.

Mean annual

Recor ded Peak Di scharges (Regul at ed)

SKAG T RI VER

NR. MOUNT VERNON

(USGS #12205000)

Dat e

25 Nov 90
10 Nov 90
4 Dec 75
27 Dec 80
12 Dec 79

Fl ow, cfs
152, 000*
142, 000°
130, 000
114, 000
112, 000

flows of the Skagit

Ri ver at Munt Vernon range from about 10,000 to 20,000 cfs (cubic

feet per second).

Cct ober.

During Apri

or My,

t he di scharge increases due to the

mel ti ng snowpack and normally crests in early June,

4
must

t he

recurrence

regul ated flood frequency data in this report.

Peak at Mount Vernon reflects valley storage at Nookachanps.
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i nterval

but are | ower

The flood fighting activity increased discharge slightly.
be subtracted when establishing

Di scharge is normally | owest from August through

Thi s

usi ng



than wi nter fl ows.

The spring snownelt is characterized by its relatively slow
rise and long duration. Wile this high water occurs annually, it
sel dom reaches a damagi ng stage. During the annual spring or early
summer high water, reservoirs are filling, and as a result, the
spring peak discharges are frequently reduced downstream of

reservoirs.

Wnter rain type floods usually occur in Novenber or Decenber,

but may occur as early as October or as |late as February. Al

maj or fl oods of record on the Skagit River have occurred during
this period. Wnter flows are characterized by frequent sharp
rises resulting fromconcentrated 2 to 5-day storns or series of
storns. Floods with high peaks and | ow vol une are attenuated by

t he overbank storage primarily in the Nookachanps basin (e.qg.
Decenber 1977) whil e higher volunme fl oods show a tendency to
increase in discharge (e.g. Decenber 1975 and 25 Novenber 1990)

primarily due to the filling of overbank storage areas.
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The sequence which usually produces these events starts with
antecedent precipitation froma series of storns which serves to
build up ground water reserves and reduce infiltration rates.
Frequently, a snowpack is then formed over nost of the basin near
the end of these rains which reduces evaporation and nmai ntains the
saturated condition. A subsequent heavy rainfall acconpani ed by
warm wi nds and nelting snowpack conpl etes the sequence which
produces major winter floods. GOccasionally, floods followin very
cl ose succession with sufficient rainfall to produce |ong duration
fl oods which are generally the nost threatening and damaging to
life and property. Two or nore major floods may be experienced
within a period of a week or two as a series of stornms nobve across
the basin fromthe west. This can pose significant problens in
evacuating reservoir flood storage as was nearly the case in

November 1990.

Since 1925, flood peaks have been reduced in varying anmounts
by incidental regulation for hydropower production and to a major
extent due to formal flood control operations at Ross and Upper
Baker danms. However, the flood control potential of the two
projects is dimnished by the large, uncontrolled tributary area

downst ream of the dams, which represents 62 percent of the total
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Skagit Ri ver drainage basin.

2.2.7 Flood Warnings and Runoff Tim ng. The National Wather

Service provides flood warnings for the Skagit River stations at
Concrete and Mount Vernon. The National Wather Service R ver
Forecast Center in Portland uses the SSARR nodel for flood
forecasting, with travel times from Ross Damto Munt Vernon built
intoit. However, a |local Flood Warning System m ght be very
useful for this river system There are numerous gages, adequate
travel tinme between gages, and enough |ag tine between

preci pitation and peak flows to enabl e consi derabl e advance warni ng
of potential flood conditions especially in the Munt Vernon area.
Typically, travel time frommany of the tributary streans bel ow
Ross Damto Concrete is as long as 8 hours. The travel time from
Concrete to Mount Vernon during a flood episode is approxi mately
10- 14 hours. Previous research by the Corps of Engineers, Seattle
District Hydrol ogy Section has indicated that for high flows with
nom nal vol unme the apparent travel tinme between Concrete and Munt
Vernon is actually longer due to the effects of overbank storage
mai nly in the Nookachanps creek basin. This storage tends to
depress the flow, particularly on the rising |linb of the

hydrograph. The effect is dimnished for |arge volune floods.
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The peak precipitation in the Upper Skagit River Basin wll
generally occur 18 to 24 hours prior to the peak flow at Munt

Ver non.

2.2.8 Tidal Flood Characteristics. Tidal conditions

i nfluence the flood profiles for the study reach between the nouths
of the North and South Forks and Sedro Wholley. Mean Hi gh Water
(MHHW at Skagit Bay is approximately 5 feet NGYD. It has been
shown from studies perforned in 1980 that MHHW +1 foot approxi mates
t he conbi ned coincidental tidal and neteorol ogical effects of a
flood in recurrence range from10 to 200 years at the nouth of a
river. The assunption was nmade that a simlar tidal condition
woul d exi st during any future floods, so that a constant tide

el evation of 6 feet NGV/D (MHHW +1 foot) was used for al

hypot hetical flood sinmulations in this reconnai ssance study to
ensure the maxi numinpact of tidal and river conditions. Actual
tidal elevations were used in hydraulic nodel verification runs of

observed events.

2.2.9 Flood Frequencies. The intent of the frequency

analysis was to evaluate if there has been a change in the Skagit
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at Concrete and Mount Vernon frequency curves since the | ast study
whi ch was conpleted in 1979. Five floods with peaks greater than
100, 000 cfs at Concrete (1980, 1981, 1984 and 1990 (twi ce)), were
exam ned and deregul ated by approximation to elimnate the effects
of Ross and Upper Baker flood regul ation but not incidental

regul ation.

Nat ural peak flood discharges fromthe Sauk Ri ver, the |argest
tributary to the Skagit R ver, were used as an indicator of flood
frequency curve shifts. Peak flood discharges on the Sauk River
near Sauk, WA were conpared to the 1979 study. A small increase in
fl ood peaks was noted since 1979 which is consistent with the

conput ed change at Concrete but not at Munt Vernon.

It was found that with the addition of new fl ood peak data
t hrough 1990 the regul ated and unregul ated di scharge frequency
i ncreased approximately 3 to 6 percent, respectively at Concrete.
Concrete flows were transferred to Sedro Woll ey, the upstream
boundary for hydraulic unsteady flow nodeling, by methods discussed

| ater under Fl ood Hydrographs.

Local i nfl ow between Concrete and Mount Vernon does not have a
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maj or i nfluence on Skagit River flood peaks and was not re-

eval uated for this reconnai ssance study.

The regul ated and unregul ated frequency curves for Munt
Vernon reflect the loss of floodwater to the Sam sh Ri ver and no
flood fighting activity. Regulated flood peaks at Munt Vernon for
all years since 1979 were al so exam ned and conpared with data
prior to 1979. The regul ated frequency curve for Munt Vernon was
found to decrease about 3 percent above 150,000 cfs since 1979, and
about 8 percent bel ow 150,000 cfs which was not consistent with
upstreamresults. The difference could be attributable to storage
effects between Concrete and Mount Vernon that may not have been
fully reflected in the previous unsteady flow studies. The
unregul ated frequency curve for Munt Vernon was assuned to have a
simlar shift. Feasibility studies will investigate in nore detai
t he amount of water that escapes to the Sam sh River at high

di schar ges.
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Tabl e 4 (Di scharge- Frequency Data) shows current
reconnai ssance | evel values for Concrete, Sedro Wolley, and Munt
Vernon regulated flows. It should be noted that the D scharge-
Frequency curve for Mount Vernon is only valid for the Munt Vernon
USGS station. Any point upstreamor downstream fromthe USGS

station will not have the sane di scharge.

TABLE 4
Di schar ge- Frequency Data (Regul at ed)
SKAG T RI VER

SKAG T RI VER SKAG T RI VER

NR. CONCRETE NR. SEDRO WOCLLEY NR. MOUNT VERNON

(USGS #12194000)  (USGS #12199000) (USGS #12205000)

Fl ow, cfs Fl ow, cfs Fl ow, cfs
10- year 129, 000 137, 000 114, 000
25-year 167, 000 174, 000 146, 000
50- year 197, 000 207, 000 158, 000
100- year 235, 000 236, 000 180, 000

The recurrence

Ver non based on the

i nterval

of the 24 Novenber
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flood fighting activity) is about 35 years which is wthin the
range of previous Corps estimates for this event. Reference Flood
Summary Report; Nooksack, Skagit, and Snohom sh Ri ver Basins,
Novenber 1990 events, 18 July 1991 which showed a prelimnary
estimate of 25 years imediately after the flood using provisional

data and a subsequent estimate of 40-years with nore refined data.

Finally, verification of flood routing against the regul ated
fl ood frequency curve at Mount Vernon was performed. Whenever
applicable, the criteria established in the United States Water
Resources Council Bulletin 17B was foll owed, including the expected
probability adjustnent in the revised flood frequency curves

(Sauk River).

2.2.10 Interior Runoff. Existing condition interior runoff

and ponding areas were examned in the 1979 study to determ ne
resi dual damages and to denonstrate that flooding frominterior
runoff woul d not pose a hazard greater than flooding by the river
or tides. No new significant changes in interior conditions have
occurred since the 1979 study, however, several alternative flood
control schenes involving a change in interior runoff condition

wer e exam ned. Several punps and additional drainage structures
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were included in the reconnai ssance cost estimate. Interior runoff
W ll be re-evaluated in detail during the Feasibility Study to
determne if the proposed drainage structures are necessary or if
nore are required. Additional studies will also be conducted to
determ ne the flow paths of flood waters once they have gone over
the overtopping |l evees and to see if existing drainage structures

woul d be adequate to handl e those fl ood waters.

2.2.11 Fl ood Hydrographs. Qbserved data for fl oods of

Decenber 1975 and Novenber 1990 were prepared for hydraulic
unsteady flow nodel investigations. The 1975 flood was the nost
recent |arge flood that could be thoroughly nodel ed from Sedro

Wol ley to Mount Vernon since it represents essentially a | evee-
contained condition where as |levees at Fir Island broke during 1990
floods resulting in large flow volunes and rates which would not be
sinmulated in the existing flow needed with the existing avail abl e
data. However for calibration purposes, the two 1990 floods in
Novenber were exam ned up to the tine the | evees were breached.
Hypot hetical 10-, 50-, and 100-year hydrographs to test the failure
of levees and alternatives evaluation were al so devel oped. The
patterns for existing regulated conditions of the 50 and 100 year

fl ood were obtained from previ ous SSARR Mddel runs for regul ated
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conditions in the Skagit River Basin. Flood volunes were re-

eval uated from previ ously devel oped hydrographs. Regressions from
1, 3, and 5 day nean di scharges vs. peak di scharges were exam ned
with new flood data to determne if there had been changes in the
fl ood volune rel ationships. No significant change fromthese
previously derived regressions were noted for the Skagit at
Concrete. The hydrographs for Concrete were correlated to Sedro
Wool | ey, the upstream boundary for the unsteady nodel, using the
regression plot of peaks on the Skagit at Concrete vs. Sedro
Wol | ey. Existing condition regul ated hydrographs with peaks of
25, 50, 75, 100, 125, 150, 175, and 225 thousand cfs at Sedro
Wol | ey were al so devel oped. All hydrographs were adjusted to

reflect changes in the final frequency curves.

2.2.12 Reservoir Reqgqulation. The current authorized nmethod of

fl ood regulation for Ross Dam maxi m zes fl ood reduction benefits,
and calls for releasing no nore than inflow from storage after the
peak until the discharge at Concrete (the primary control point)
recedes to bel ow 90,000 cfs (32.2 feet). This plan does slightly
decrease the tinme floodfl ows are above damage | evel s over that
provi ded by Upper Baker regul ation (discussed later). There are

m nor risks associated with the currently authorized nethod
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including the potential for an "induced" secondary flood peak at
Concrete (a later increase in flows above flood stage). This can
occur during evacuation particularly at Ross Dam due to the | ong
travel time to Concrete (about 8 hours) and the limted abilities
to exactly forecast |ocal runoff. Evacuation of storage from Ross
Dam i s wei ghed agai nst the volune of storage to be recovered, the
future need for flood storage, and secondarily agai nst what val ue
it has in power production. Ross Dam provides incidental storage
regul ation during nearly all mnor floods, because the pool

el evation at the onset of these events is al nost always bel ow 1, 590
feet. The current authorized nethod of flood regulation for Upper
Baker Damrequires the rel ease of stored flood water imedi ately
after it is assured that Concrete has peaked. This operation
maxi m zes fl ood storage but allows floodflows to remain above ngjor
damage | onger than the Ross Dam regul ati on plan (about 6 hours

| onger). Because Upper Baker Damis much closer to Concrete than
Ross Dam there is nore certainty as to how rel eases at Upper Baker

will effect downstream fl ood stages.

2.2.13 Upstream Storage Effects. The updated fl ood frequency

curves show that the break between regul ated and unregul ated (dans

in place but without formal control storage) is at approximtely
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70,000 cfs for Mount Vernon (based on the updated flood frequency
curve plot) and about 90,000 cfs for Concrete, even though
regul ati on of individual events usually begins at between 55 to

60, 000 cfs at Concrete. The effects of Ross and Upper Baker in
reducing the flood flows is significant. At the 100-, 25-, and 10-
year frequency |evels, the unregulated flows at Munt Vernon are
reduced by about 35,000, 15,000 and 25,000 cfs, respectively (less
reduction at the 25-year level due to the theoretical onset of

| evee failures.

2.2.14 Regul ation Alternatives. Several possible regulation

alternatives associated with how upstreamreservoirs mght be nore
effectively regulated during flood events to benefit the present
state of developnent will be addressed in feasibility studies
(these mght also effect the base case analysis). The pressure to
prevent such problens as |evee failures due to saturation by
reduci ng damoutfl ows particularly during recession can result at
times in nore water being stored in the reservoirs than was
originally anticipated. For exanple, even though drawdown bel ow
the existing flood control rule curve at Ross and Baker Dans
occurred prior to the 10 Novenber 1990 fl ood (about 6 feet at Ross

and 7 feet at Upper Baker), the reservoirs nearly filled during
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recession partly because of reduced rel eases during recession to
[imt |levee saturation. This operation for the Novenber 1990 fl ood
was successful (although incidental in that it cannot be counted on
fromyear to year) only because the Quantitative Precipitation
Forecast (QPF) indicating future stormconditions was |ow, and |ess
rain fell than was anticipated. However, this operation can have
the effect of reducing the average overall |evel of protection if

i npl enented wi thout increasing the anount of flood storage space in
the reservoirs. |If the reservoirs had not been initially | ow prior
to the 10 Novenber flood, storage would have been depl eted and
downstream rel eases woul d have been greater, resulting in
potentially nore extensive flood damage. The potential for
changing the flood control operation for Upper Baker is nuch |ess
likely than for Ross Dam due to | anguage differences in the FERC

(Federal Energy Regul atory Comm ssion) |icenses.

Several alternate regul ation plans have been proposed for
either increasing the level of flood protection and/or allow ng
| onger storage tinme at the danms to assist inlimting | evee
saturation and the duration various damaged el enents are subjected
to flooding. One of these plans for Ross Dam woul d i ncrease the

| evel of flood protection by releasing water in storage after the
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river flow has crested and begins to recede (simlar to Baker Dan).
This measure, along with nonitoring reservoir pool elevations and
di scharge readi ngs downstream especially during the onset of flood
season, could nmake possible nore effective reservoir regulation and
use of available storage for a | arger range of events. However,

this operation is only effective as long as the | evees do not fai

fromsaturation or overtoppi ng and ot her downstream structures are

not j eopardi zed.

A second regul ation plan for Ross Dam woul d i nvol ve a request
for additional flood control storage in Ross reservoir to allow
| onger retention of stored flood waters w thout di mnishing the
| evel of protection (this would also involve an eval uation of the
early fall drawdown requirenents). There is a provision in the
FERC |icense that m ght be applicable which may all ow for
addi tional storage space if downstream devel opnent or ot her
ci rcunst ances warrant the need and can be justified. It is far
fromcertain whether this provision could be applied to the
conditions of this study. A third plan m ght be to reduce the
al | owabl e power house rel ease from Upper Baker and Ross Dans during
a flood (about 5,000 cfs maxi mum from each project on a daily

average basis). This would involve a need for additional storage
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spaces and possi bl e | ost power revenue.

The bottomline is that there is a need to exam ne these
issues in nore detail, and this can and should be addressed in a
feasibility study. Re-authorization of Upper Baker flood control
by Congress would be required to inplenent a change of flood
control operation at this project, and possibly also a change in
the FERC |license. Ross Damoperation is currently governed only by

its FERC | i cense.

2.2.15 Fl ood Damages.

a. Flood Damages Under Existing Conditions. The

area consi dered for flood danage reduction in this reconnai ssance

study begi ns downstream of Sedro Woll ey, continues south through

the cities of Burlington and Mount Vernon and on to Skagit Bay.

O her than the two cities located in the |ower basin, |land use is

devoted primarily to agricultural and dairy production wth a high

degree of rural/suburban type devel opnent.

During Novenber 1990 the basin experienced two significant

flood events. During the first flood, Novenber 9-12, (estimted at
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a 25 year event), a levee failure occurred along the North Fork of
the Skagit inundating the Fir Island area in water depths up to
ei ght feet, and causing substantial damage in other areas
t hroughout the basin. Two weeks |ater the basin experienced a
second flood, estimated at a 35 year event. Fir Island again was
the hardest area hit, but areas around Burlington, Sedro-Woll ey,
Mount Vernon, Concrete, Ham Ilton, and Lyman reported significant
damages. Basin w de, damages were estinmated to be $39, 800, 000
This figure could have been substantially higher had it not been
for successful flood fighting in the areas of Burlington, Munt
Vernon and West Mowunt Vernon, or if a second | evee failure had

occurred.

b. Average Annual Danmges. Aver age annual damages

in the Skagit River basin have been quantified for ten different
econom ¢ sub-areas within the basin (see Figure 1). Inportant
informati on used in deriving expected annual damages includes the
di schar ge-damage rel ati onshi ps established for the 1979 Skagit

Ri ver General Design Menorandum Study (GDM), a 1992 geotechni cal
eval uation of the structural adequacy of existing |levees to
determ ne zero damage (probable failure and non-failure) elevations

Wi thin each sub-area (see Appendi x 2), hydraulic evaluation of the
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di scharge associated with the Probably Failure Point (PFP) and
Probabl e Non-Failure Point (PNP) elevations, and a slightly revised
frequency-di scharge curve fromthat used in the 1979 GDM
evaluation. This information was conpiled, price updated, adjusted
for gromh and used in the Corps of Engi neers Expected Annual
Danmage (EAD) programto derive expected annual damage for each sub-
area. Expected annual danmages within the study area are estinmated

to be $9, 957, 000.
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Table 5 |ists assessed property values by diking district in
the study area. For each diking district a correspondi ng econonic
sub-area is also identified. The diking districts boundaries and
econom ¢ sub-areas correspond roughly, and should only be used to
give the reader a general idea of the areas. The total assessed

val ue of diking district in the study area is over $935 mllion.

Table 6 |ists expected damages for various flood events broken
down by sub-area. Damages for a twenty-five year event are
estimated to be nearly $94 mllion, for a fifty year event $172
mllion, $257 mllion for a 100 year flood, and close to $400

mllion for the standard project flood event.
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TABLE 5
DI KI NG DI STRI CT
1992 ASSESSED VALUE

Cor r espondi ng

Dike District® Economi ¢ Sub- Area’ Assessed Val ue

D ke District #1 (3) Right Bank D/ S Rural $100, 468, 300
(4) West Mount Ver non

Di ke District #3 (6) Main Munt Vernon $160, 621, 325
(7) Left Bank D/'S Rural

Di ke District #12 (1) Right Bank U 'S Pul ver $518, 493, 334
(2) R ght Bank D/ S Pul ver

Di ke District #17 (5) North Mount Vernon $121, 697, 830
Di ke District #22 (8) Fir Island $ 31, 649, 700
Di ke District #20 (10) Nookachanps $ 2,172,600

Total Assessed Val ue $935, 103, 089

°® Diking District #9 assessed val ue unavail abl e.

This is neant to be a general or rough conparison.
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Wthin each area, expected annual damages have been broken into
seven categories including residential structures, residential
contents, commercial and industrial establishnments, public
expendi tures, energency aid, agricultural land, crops &

i nprovenents, as well as a m scell aneous category. The follow ng
briefly describes each area and lists the expected annual danages.

Tabl e 7 sunmari zes the existing damage for the study area.

(1) Right Bank Urban Upstream of Pulver Road. This

reach includes the city of Burlington (1992 pop. of 4690) and the
surroundi ng suburban area along the State Route 20 and Interstate 5
corridors. Over the past 15 years this area has experienced
substantial growh, gaining several |arge shopping malls and outl et
centers and suburban residential devel opment. The zero damage

di scharge for this reach has been estimated to be 145,000 cfs (al

di scharges referenced are at the M. Vernon gage unl ess ot herw se
not ed) which corresponds to approxi mately a 25 year event. The
probabl e failure point (PFP) and probable non-failure point (PNP)
were estimated to be at the sanme el evation because the failure
point is when the flood waters overtop H ghway 20 and enter this
area. Flooding begins in an area just upstreamof this reach when
the levee is outflanked on the upstreamend, and flood waters enter
Gages Slough. This reach is a portion of dike district #12.

Aver age annual danmages are estimated to be just over $1 mllion and

are broken down as foll ows:
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TABLE 7
EXI STI NG CONDI TI ON
BY ECONOM C SUB- AREA AVERAGE ANNUAL DAMAGES
(OCTOBER 1993 PRI CES AND CONDI TI ONS)

Exi sting

Econom ¢ Sub- Area Aver age Annual Danmges

1. Right Bank U S Pul ver Road $1, 066, 000
(i ncludi ng Burlington)
2. Right Bank DS Pul ver Road $ 636, 000
3. Right Bank DS Rural $ 539, 000
4. West Mount Vernon $ 787,000
5. Big Bend (North Munt Vernon) $1, 050, 000
6. Main Munt Vernon $3, 525, 000
7. Left Bank D/'S Mount Vernon $1, 003, 000
8. Fir Island $ 812,000
9. Sam sh Overfl ow $ 197,000
10. Ot her Areas $ 342,000
Nookachanps, C ear Lake, Sedro Woll ey

Tot al $9, 957, 000
Resi dential Structures $346, 000
Resi dential Contents 165, 000
Commerci al / I ndustri al 196, 000
Publ i c 73,000
Emer gency Al d 155, 000
Agricul ture 14, 000
O her 117, 000
Tot al $1, 066, 000

(2) Right Bank Downstream of Pulver Road. This

econom ¢ sub-area covers the suburban and agricultural area
sout heast of Burlington. The area begi ns downstream of Pul ver Road

and continues south to McLean Road outside of West M. Vernon.
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This reach also roughly lies within the boundaries of Diking
District #12. The zero danage point was determined to be

approxi mately 138,000 cfs, or about a twenty year event. The PNP
and the PFP were estimated to be at the same el evati on because

t hese areas becone i nundated when the waters conme over the | ow
point in the | evee where SR 536 crosses the |evee. Flood waters
first enter this area from Wst Munt Vernon (di scussed bel ow),
however the sheet flow through this area at discharges ranging from
138,000 cfs to 143,000 cfs cause m nimal damages. At approximately
a twenty five year event, (146,000 cfs) |evees along the North Fork
of the Skagit or in Wst Munt Vernon are expected to fail causing
a substantial anmount of damage to sub-areas 2, 3, and 4. Expected

annual damages for sub-area 2 are broken down bel ow

Resi dential Structures $266, 000
Resi dential Contents 110, 000
Commerci al /I ndustri al 65, 000
Public 81, 000
Emer gency Al d 47, 000
Agricul ture 56, 000
O her 11, 000

Tot al $636, 000

(3) Right Bank Downstream Rural. This sub-area roughly

corresponds to Dike Districts #1 (excludi ng West Munt Vernon) and
#9. The area |lies downstream of sub-area 2, is bordered on the

west by Swi nom sh Sl ough, on the east and south by the North Fork
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of the Skagit River. Land use is predomnately agricultural, with
a substantial amount of rural devel opnent. The zero damage poi nt
for this sub-area is assuned to be at the sane point as that
established for area 2 based on geotechni cal observations,
approximately a twenty year event, with maj or damage not occurring
until 146,000 cfs or a twenty five year event. Flood waters from
West Mount Vernon or along the North Fork would contribute to

subst anti al damage once a di scharge of 146,000 cfs is exceeded.
Expect ed damages for this reach are $539,000 with over 50% of these

damages accruing to agricultural |ands and inprovenents.

Residential Structures $81, 000
Resi dential Contents 38, 000
Commer ci al / I ndustri al 70, 000
Publ i c 10, 000
Emer gency Al d 51, 000
Agri cul tural 285, 000
O her 4, 000

Tot al $539, 000

(4) West Mount Vernon. The area of West Munt Vernon is

one of the three urban areas in the Skagit 100 year flood plain.
Fl oodi ng whi ch causes maj or danage in West Munt Vernon begi ns when
a low spot in the roadway on SR 536 is overtopped. This occurs at a
di scharge of 117,000 cfs, or just over a ten year event. A snall

area outside (riverward) of the levee is inundated at approxi mately
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100,000 cfs with resulting average annual damages in the area
estimated at $20,000. (These danages are not included in the
figures below.) Since there is no uncertainty in the |evee/roadway
structural reliability below this discharge, and there is a 100%
chance that it will be overtopped with discharges exceeding 117, 000
cfs, the PNP and PFP are at the sane elevation. Likew se for any
di scharge |l ess than 117,000 cfs there is a zero percent chance that
this sub-area woul d experience any damages. Di scharges between
117,000 cfs and approxi mately 146,000 cfs woul d be expected to
cause relatively mnor danmages in this area. Once flows exceed a
twenty five year event, the area would be expected to have
significant damages due to | evee failures. Expected annual damages

total $787,000 and are broken out bel ow.

Resi dential Structures $234, 000
Resi dential Contents 105, 000
Commerci al /I ndustri al 354, 000
Publ i c 40, 000
Emer gency Al d 43, 000
Agricul ture 3, 000
O her 8, 000

Tot al $787, 000

(5 North Mount Vernon. The area of North Munt

Vernon, often referred to as the Big Bend area, is |located on the
| eft bank of the Skagit, northeast of the downtown Munt Vernon

area. The sub-area is bounded on the north, west and south by the
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Skagit River and on the east by high ground. This area corresponds
to DDke District #17. The eastern portion of the diking district,
along the I-5 corridor, is predomnately comrercial, with a high
rate of devel opnent over the past ten years. The western portion,
which is nore rural, contains the Anacortes Water Treatnent Pl ant.
For this reach the PNP was determ ned to be a 20 year event
(138,000 cfs) while the probable failure point has been estinmated
at a 25 year event (146,000 cfs) based on geotechnical
observations. Average annual damages assum ng the | evee fails at
the twenty year discharge are estinmated to be $1,070,000. Expected
annual damages assuming the | evee does not fail until a twenty-five
year event are $1,027,000. For sinmplicity, during the
reconnai ssance study phase, a sinple average of the damages under
each failure assunption was taken to establish existing condition
average annual damages. This appears to be a reasonabl e approach
considering the difference between the two danage figures is only
$43, 000. The average annual damages for the sub-area which wll

be used in the benefit evaluation are as foll ows.

Residential Structures $127, 000
Resi dential Contents 56, 000
Commer ci al / I ndustri al 383, 000
Public 111, 000
Enmer gency Al d 321, 000
Agricul ture 41, 000
O her 11, 000

Tot al $1, 050, 000
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(6) Main Mount Vernon. A portion of the city of Munt

Vernon (1992 popul ati on of 19,550) including the domtown area is

| ocated in this sub-area. The sub-area continues south along the

| -5 corridor on the left bank of the Skagit until the split between
the North and South Fork. This is the nost highly devel oped area
within the study area. The area is a part of Diking D strict #3.

Fl oodi ng begi ns south of the Wst Munt Vernon bridge, when a
parking revetnent is overtopped. This occurs at approximtely a
ten year event, or a discharge of 117,000 cfs. The PNP and PFP
occur at the sane el evation because the city will flood when water
cones over the existing revetnent. Average annual danmages under

existing conditions are over $3.5 mllion, and are broken downs as

fol |l ows.

Residential Structures $1, 238, 000
Resi dential Contents 582, 000
Commer ci al / I ndustri al 998, 000
Publ i c 99, 000
Emer gency Al d 550, 000
Agricul ture 6, 000
O her 52, 000

Tot al $3, 525, 000

(7) Left Bank Downstream Mount Vernon. This sub-area,

also a part of Diking District #3, begins south of Munt Vernon and
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continues along the 1-5 corridor through Conway and on to Skagit
Bay. The reach is bordered on the west by the South Fork of the
Skagit and on the east by high ground. Flooding in this area

begi ns when the revetnent in Munt Vernon is overtopped, which

occurs at 117,000 cfs or just over a ten year event. Because of
this, the PNP and PFP are identical. Land use in this area is a
m xture of agricultural and rural/suburban devel opnent. The snal
town of Conway is also located in this sub area. Expected annua

damages are broken down by category bel ow.

Resi dential Structures $212, 000
Resi dential Contents 144, 000
Commerci al /I ndustri al 141, 000
Public 198, 000
Enmer gency Al d 46, 000
Agri cul tural 238, 000
O her 24,000
Tot al $1, 003, 000

(8) Fir Island. This sub-area corresponds to Di king

District #22. The area is bordered on the east by the South Fork,
on the north by the North Fork of the Skagit River, and on the
sout hwest by Skagit Bay. During the Novenber 1990 fl ood events a
| evee break along the North Fork inundated the entire area with
wat er depths up to eight feet and caused over $8 mllion in
damages. The probable non-failure point was determ ned to be a

16.7 year event at a discharge of 133,000 cfs. The probable
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failure point was determned to be a just over a twenty-five year
event at a discharge of 146,000 cfs. Assumng the levee failure
occurred at a 16.7 year event average annual danmages are estinmated
to be $877,000. |If the |levee does not fail until over a twenty-
five year event annual damages are estimated to be $749, 000. For
sinplicity, an arithmetic average of the two val ues was used to
derive an internedi ate esti mate of average annual damages which
will be used to quantify benefits. A breakdown of the annua

damages is bel ow.

Resi dential Structures $171, 000
Resi dential Contents 82, 000
Commerci al /I ndustri al 4, 000
Public 225, 000
Enmer gency A d 70, 000
Agricul ture 256, 000
Q her 4, 000

Tot al $812, 000

(9) Samish Overflow. This sub-area is along the right

bank of the Skagit R ver, north of Burlington. The flood plain

i ncludes the overflow area fromthe Skagit River toward the Sam sh
Ri ver basin, but does not include Sam sh R ver flooding. Land use
inthis area is primarily rural with some suburban devel opnent

al ong SR 20. The zero damage fl ow was determ ned to be 145, 000
cfs, corresponding to a 25.6 year event. The PNP and PFP are

assunmed to be at the sane el evation. Average annual damages for
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this reach are estimted at $197, 000 and are broken down into the

foll ow ng categori es.

Resi dential Structures $27, 000
Resi dential Contents 11, 000
Commerci al /I ndustri al 0
Public 4,000
Emer gency A d 107, 000
Agricul ture 35, 000
Q her 13, 000
Tot al $197, 000

(10) Nookachanps, C ear Lake, Sedro Wolley. These

areas are the upper nost portion of the study area considered in
this evaluation and are not protected by | evees. The Nookachanps
and Cl ear Lake areas are on the left bank and Sedro Wolley is on
the right bank. The zero damage point used for each area in the
1979 GDM report was al so used in this evaluation. For the
Nookachanps, this is approximtely a two year event, for C ear Lake
a 12 year event, and for Sedro Wwolley a 5 year event. Danmages for
this reach were not broken down by category. Total expected annual

damages are estinmated at $342, 000.
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2.3 Fl ood Damage Reduction Alternatives.

2.3.1 No Action.

a. Description of the alternative. Under this

alternative no additional neasures to reduce fl ood damages woul d be
undertaken, but neasures already begun woul d be assuned to conti nue
such as fl oodproofing, participation in the National Flood
| nsurance Program and flood warning systens. The follow ng
assunptions were made for the no action plan.

-  Flooding and fl ood damages woul d conti nue t hroughout
the I ower Skagit basin. The basin would continue to rely upon a 43
mle | evee systemextending fromBurlington to the river nmouth and
on formal and incidental flood control by hydropower projects in
t he upper Skagit basin. The |ocation of the hydropower projects
wll continue to limt their flood control potential because of the
contribution fromlarge uncontrolled tributaries dowmnstream The
fl ood protection systemwas largely built over the years by
| andowners and provides |ow | evel frequency flood protection.
Because the | evees are constructed of silty, sandy soils, they
frequently fail when saturated, resulting in potentially
catastrophic flooding in unpredictable |ocations such as occurred
at Fir Island in the Novenber 1990 fl ood. Urban areas such as
Mount Vernon and Burlington will continue to sustain major flood
damages and roads in the region will continue to be flooded. The

county diking districts, cities, and the Corps will continue to
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provide flood fight services on the levees to limt flood damages.

Some honmeowners and busi ness owners will decide to fl oodproof
or relocate after floods, and this will slightly decrease average

annual fl ood damages.

Skagit County participates in the National Flood Insurance
Program (NFI P) and as such is subject to NFIP requirenents for new
devel opnment in the flood plain. These requirenents include
el evati ng new houses and fl oodproofing or el evating other new

bui |l di ngs to, or above, the 100-year flood |evel.

The Skagit Valley diking districts and Skagit County have a
goal of inproving their levees to a uniform 50-year flood frequency
| evel of protection. However, funding difficulties have thwarted
this goal. The districts will continue to maintain and repair

exi sting | evees.

Skagit County has asked the Corps to develop and inprove their
fl ood warning systemfor the basin under Section 205 of the 1948
Fl ood Control Act. Hi gher Corps authority approval for conducting
an initial appraisal of this proposal and associated funding is

pendi ng.

Mount Vernon will continue to search for funding sources to

i nprove | evees al ong the downtown revetnent area. This area
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currently overtops above a 10-year frequency fl ood event and

requi res extensive sandbaggi ng for |arger events.

b. Inpacts of the Alternative.

(1) Fish. Floods carry extensive bed | oads which
can cover or destroy spawning beds. Silt |oads can snother the
i nvertebrates which serve as prey itens for fish. Turbidity from
fl oods during the spring can damage the gills of outm grating

juveni |l e sal non, which can weaken or even kill them

Fl oods generally overtop or break through | evees and often
carry fish into agricultural fields or urban areas, stranding them
Significant inpacts to both adult and juvenile fish popul ations
can occur. For exanple, a large spring flood occurring in My
could well result in a high percentage of young fall chinook being
stranded. A significantly reduced run of returning adult fish
several years |ater would be expected. Adult chum or steel head
m grating upstreamto spawn in Novenber and Decenber woul d be
stranded if a flood occurred during that period. This could
significantly reduce the nunber of spawning fish | eading to reduced

runs.

In addition to the direct inpacts to fish, indirect inpacts
woul d i nclude the damage done to the fish prey itens. Invertebrate
popul ati ons could be dramatically reduced from burial or other

di sruptions. Additionally, vegetation along the river banks may be
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torn away, reducing the insect habitat and shadi ng of the river.

(2) WIldlife. Flooding can also have adverse inpacts
to wldlife. Miskrats and beavers could | ose their homes. Mny
smal | terrestrial animals would |ikely drown when the river banks
are overtopped or breached. Predators of small animals will have
reduced prey itens. Repairs made to | evee breaks or other fl ood
damage typically reduces the extent of riparian vegetation

i npacting wldlife species.

(3) Threatened and Endanger ed Speci es. Fl oods wi I |

likely inpact bull trout simlarly to the fish described above. No

significant inpacts to other endangered species are |ikely.

(4) Recreation. Flooding may inpact recreational

anmenities such as hiking trails and canpgrounds near the river. In
the river itself, canoeing and kayaking routes could be change when
channel s and islands are changed. Fishing |ocations may be

changed as wel | .

(5) Socioecononics. The primry soci oeconom c i npact

in the no action alternative would be the continuation of basin-

w de fl ooding and associ ated fl ood damages. Commercial and
residential areas in the Burlington/Munt Vernon corridor will be
heavi |y damaged, roads will be closed, and residents will be forced

to evacuate their honmes and farnms throughout the valley. Long
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standing flood waters fromlevee failures wll hinder agriculture
and limt the types of crops which can be grown. The costs
associated wth the repair of flood danages diverts both private
and public funds fromnore productive uses. However, the positive
steps that the County and others are presently taking to address

fl ood danages should m nim ze these increases.

(6) Cultural Resources. Cultural sites located within the

fl ood plain would occasionally be damaged by Skagit River fl oods.

c. Conclusion. The no action plan does not

adequately address the serious flood problemw thin the Skagi't
Basin. Since the sponsor and al nost everyone within the Skagit
flood plain are interested in significantly reducing flood damage,
the no action plan should not be selected. This conclusion is not
meant to di sparage any of the positive steps that the County and
others are presently taking to reduce flood damages. All these
steps are inportant and should be continued. The conclusion is
meant to suggest that even nore is needed and desires by basin

residents to reduce fl ood damages.

2.3.2 Alternative 1 - Overfl ow Channel s

a. Description of the alternatives

(1) Background. Flooding problens are significant

within the entire Skagit Basin. However, as denonstrated by the

Novenmber 1990 fl oods, the Skagit basin fromthe town of Sedro
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Whol | ey downstreamis particularly susceptible to floods and fl ood
damage. Cenerally, the nost severe Skagit basin floods are
generated when the river flooding begins to endanger Burlington and
t he Sam sh Basin and downtown Munt Vernon, as well as the existing
di ke systemin the Lower Skagit River Valley. During the Novenber
1990 Thanksgi ving floods, water was flow ng over H ghway 20 between
Burlington and Sedro Wholley. There was significant flooding of

t he Nookachanps-C ear Lake area and | evees downstream of Mbunt
Vernon were in danger of collapse. 1In Munt Vernon the river |evel
rose to within six inches of the top of an energency sandbag | evee.
Across the river in the West Muunt Vernon area, the river had
crested the | evee and was being hel d back by sandbags and eart hen
berns for several mles. There was a major break in the Fir |Island
| evee that caused over $8 mllion in damage. The majority of

| evees in the |l ower basin were saturated and in danger of coll apse.
There was al so danage in the upper basin, especially in the town

of Ham | ton and on Cockreham | sl and.

The potential damage from an event that could cause a nmgjor
col l apse of the entire | evee system (a standard project flood
event) could | ead to damages of up to 10 tines those seen in the
Novenber 1990 fl oods. The major challenge in this study was to
find a way to handle flows simlar to, or higher than, those seen
i n Novenber 1990 and mnim ze future flood danage to the basin.
The two major alternatives that were investigated to alleviate

these potential flood damages were a fl ood channel and a system
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that included a series of overtopping | evees.

b. FIl ood Channel Alternatives. To reduce the fl ood

damage that results fromflood flows, two diversion channels were
eval uated: one which included an overflow area just downstream of
| -5 which would direct Skagit River flows into Sam sh Bay, and one
whi ch included an overflow weir | ocated between Burlington and
Sedro Whol |l ey which al so diverted excess flows into Sam sh Bay.
The alternative | ocated downstreamfrom -5 was dropped w t hout
ext ensi ve eval uation because of high costs to relocate three
bridges. The other alternative, which was eval uated, included a
5,000 foot wde overflow weir and entrance channel between Sedro
Wol l ey and Burlington transitory to a 2,000 foot w de,
approximately 11 mle long flood channel down the Sam sh R ver
Valley to Sam sh Bay (see Figure 2). This alternative would not
only carry up to 80,000 cfs of Skagit River water, but would al so
hel p reduce damages due to the Sam sh River flooding in the | ower

Sam sh River Vall ey.

c. Inpacts of the Alternative.

(1) Fish. The Sam sh flood channel would likely
inpact fish in the Sam sh R ver channel due to the extensive
excavation of spawning and rearing habitat when w dening the
channel. Much of the channel is currently | eveed, however the
channel woul d be significantly w dened and the renoval of

streansi de vegetation woul d adversely inpact the fish by renoving
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i nsect habitat and reducing shading. Mtigation for this
alternative would include the establishnment of |owflow rearing and
refuge channels in old side slough channels. Fish fromthe Skagit
River would likely be carried over the weir into the Sam sh River
system during flooding events, but it is unknown if this inpact
woul d be worse than the current situation during flooding.
Stranding of fish in agricultural areas would likely occur during
over bank fl ooding causing a reduction in fish runs, however this is
simlar to the existing condition. The increased anmounts of
freshwater flowing into Sam sh Bay during flooding events could
adversely inpact eelgrass and other marine species. Any adverse
inmpacts to fish habitat would be mtigated. Al mtigation plans
woul d be extensively coordinated with the U.S. Fish and Wldlife
Service (USF&A5) and Washi ngton Departnents of Fish and Wldlife
(WOF & WOW. Any in-water work would avoid the juvenile sal nonid

out-mgration period fromMarch 15 to June 15.

(2) Wldlife. WIldlife could be adversely
i npacted by the Sam sh flood channel if significant anmounts of
riparian vegetation is renoved during channel w dening and
subsequent | evee construction. Mich of the by-pass channel area is
in agricultural production with few trees. However, along the
Sam sh River, there are shrubs and ot her vegetation that woul d be
renmoved. Wetl ands imredi ately adjacent to the Sam sh R ver would
be destroyed. After conpletion of the channel, the | and woul d be

pl aced back in agricultural production which may have unknown
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additional inpacts on the river fromrunoff of fertilizers and
pesticides. Continuing maintenance of the | evee system woul d
renove any |arge woody riparian vegetation reducing wildlife
habitat. Any adverse inpacts to wldlife habitat would be
mtigated. Mtigation plans would be extensively coordinated with

t he USF&W5, WDF, and WDW

(3) Threatened and Endangered Species. [|f bul

trout occur in the Sam sh River system they would be adversely

i npacted by the loss of rearing and spawning habitat. Bald eagles
and peregrine falcons could be inpacted during construction of the
channel from noise and potential |oss of prey itens (small rodents,
etc.). A biological assessnent will be perfornmed for al

potentially inpacted threatened and endangered speci es.

(4) Recreation. The Sam sh flood channel woul d

not |ikely inpact recreation because it would run through |argely
privately owned agricultural |ands. Recreational anenities could
be added to the project to enhance recreation over the current

condi ti on.

(5 Water Quality. Water quality would not be

i npacted long-termby this alternative. Flooding events cause
increased turbidity which would be | essened by the overfl ow
channel. The work in the Sam sh R ver would cause turbidity during

t he working period, but this will be short-term Silt curtains or
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ot her devices could be used, as necessary, to conply with water
quality standards. After conpletion of the channel, the |and woul d
be pl aced back into agricultural production which may have unknown
inpacts to water quality due to runoff of fertilizers and
pesti ci des.

(6) Cultural Resources. Alternative 1, the Sam sh

Bay overflow channel, may directly affect 4 known cul tural resource
sites. Construction has a very high potential to direct affect
others, probably in noderate to | arge nunbers, on ol der buried
surfaces. It is also very likely to affect "wet" sites, sites
permanent |y submerged bel ow the water table. Oher sites may be

affected indirectly by increased channel flow.

d. Costs and Benefits. The Sam sh Bypass Channel

with urban | evees, would provide 100 year protection to sub-areas
1, 2, 4, 5, 6, and 9 (See Figure 1). Sub-areas 3, 7, and 8 would
have 50 year protection, and Sub-area 10 woul d be unaffected. It
is currently estimated that approximately 4,000 acres of |and would
be needed to support alternative nunber 1. There are approxi mately
288 | andowners invol ved. Land usages include irrigated-
agricultural, residential, and commercial. The estimted val ue of
irrigated-agricultural land is $3,000 to $4, 000 per acre, and
residential land is $10,000 to $20,000 per acre. This alternative
has an estimated annual flood damage reducti on benefits of

$5, 787, 000. These benefits are summarized in Table 8. Costs for

this alternative have been prelimnarily estimted at between $100

76



and $130 mllion dollars. Based on the $100 mllion figure, annual
costs (anortized over 100 years at 8.25%, excluding maintenance
and interest during construction, are $8,253,000. The benefit to
cost ratio, at best, would be 0.7 to 1.0. The study team and the
sponsor did not see any additional opportunities for reducing the
costs or increasing the benefits. Because of this the alternative

was dropped from further consideration.
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2.3.3 Alternative 2 - Urban Flood Control and Levees wth

Control Structures in Rural Areas. (Selected Alternative)

a. Description of the alternative

(1) Background. During the reconnai ssance study

two of the county conm ssioners cane forward and recommended an
alternative that would include a high level of protection (100
years) for the urban areas of the |lower basin (sub areas 1, 4, 5
and 6) and a system of new and raised | evees with overfl ow sections
(or control structures) at critical locations in rural areas
designed to overtop without failure. The |level of protection for
rural areas would be up to the 25 year event, greater than
currently exists but significantly less than for the urban areas.
This alternative was recommended because the comm ssioners believed
that the other alternatives that have been studied in the past were
beyond the financial capability of the county. They al so believed
that a systemhad to be considered that would ensure that the
undevel oped areas of the county would renmain rural and not be
renmoved fromthe 100 year flood plain, thus becom ng open to

devel opnment. The system also had to protect against catastrophic

| evee failures during higher floods such as the one that occurred

on Fir Island in the Novenber 1990 fl oods.

(2) Alternative Elenents. This alternative would

provi de 100 year |evel of flood control protection through urban

| evee devel opnent and 25 year flood protection in rural areas with
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sections of overflow | evees (control structures). It consists of

the foll ow ng:

0 Construction of a 5,000 foot |levee with a control structure

south of the town of Sterling (see Plate 2).

0 Construction of 3,500 linear feet of new | evee sout heast of

Sterling to an average height of 5.5 feet (see Plate 2).

o Construction of 36,000 feet of new | evee around Burl i ngton.

Hei ght ranges fromb5.5 feet to 4.0 feet (See plate 2).

o Upgrading the existing bankside | evee (22,500 feet) in the

Burlington area (see Plate 2).

0o Excavating of a 6,000-foot-1ong segnent of right river bank
between the Burlington Northern railroad and 1-5 and setting the
exi sting | evee between sections back an average di stance of 250
feet. This channel enlargenment would require adding an additi onal
pier to H ghway 99 and railroad bridge. The existing |I-5 bridge
has enough cl earance to handl e the enl arged channel size (see Plate

2) .

0 Construction of 3 |evee sections with control structures:

one just downstream of Burlington, one just upstream of West Mount

Vernon on the right bank, and one just downstream of Munt Vernon
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on the left bank (see Plate 3).

o Construction of two | evee segnents totaling 15,500 |inear
feet, to protect urban areas of Munt Vernon. Height of these
| evees would vary from4.5 feet to 3.5 feet, providing 100 year
protection to the Big Bend area. This area would require strict
zoning restrictions to ensure that no significant devel opnment woul d

take place in this rural area (see Plate 3).

o Upgrading of 63,900 feet of existing banksi de Mount Vernon
| evees including construction of concrete tilt up flood walls in

the revetnent area of Mount Vernon (see Plate 3).

o Construction of a 6,000 foot |ong | evee section with

control structure on the North end of Fir Island (see Plate 4).

o Upgrading of both the existing | evees (34,000 |inear feet
Sout h Fork and 27,000 linear feet North Fork) on Fir Island and
| evees adjacent to Fir Island on the Mainland (42,000 |inear feet

South Fork and 17,000 linear feet North Fork) (see Plate 4).

0 Nunerous additional punps and drai nage structures throughout

the entire proposed project.

It is presently estinmated that approxi mately 455 acres of |and

woul d be needed to support Alternative 2. Appendix 4 provides
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details on real estate concerns for Alternative 2.

Skagit County has asked the Corps to prepare a flood warning
system for the basin (action pendi ng approval by Corps higher
authority). The system would have to be refined with Alternative 2

totieinto the | evee overfl ow area.

The inpact of these inprovenents would be to reduce flood
damages in the Skagit Valley. |If these inprovenents had been in
pl ace during the Novenber 1990 floods the $30 to $40 nmillion
in flood damages in the | ower Skagit Basin would have been
significantly reduced. For floods |larger than the Novenber 1990
events (up to the 100 year flood event), the towns of Burlington,
Mount Vernon and West Munt Vernon woul d be protected and the
flooding in the remai nder of the flood plain would be limted to 2
to 3 foot depth range. Catastrophic |evee failures and the
resulting potential for significant loss of life and property

woul d be elimnated in up to the 100 year flood event.

Wth the above project in place floods of 146,000 cfs
(nmeasured at Mount Vernon) would be confined to the river channel
and unl eveed areas of the basin. |In flood flows higher than
146, 000 cfs, the control structures would begin to pass water over
them Overtopping in this area would all ow fl oodi ng depths from
several inches up to 3 feet in a 100 year flood event. In the 100-

year flood event, the flows entering the upstreamend of this
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system woul d be approxi mately 235, 000 cfs.

b. Inpacts of the Alternative

(1) Fish. The urban ring | evees woul d not
significantly change the existing highly nodified and degraded
ri verbanks near Burlington and Mount Vernon. |In fact, the project
coul d enhance fish habitat over existing conditions by
i ncorporating in-water habitat structures and vegetation plantings
al ong the | evee banks. During flood events, fish would |ikely be
washed over the control structures and stranded in agricul tural
areas. However, this inpact would be | ess frequent than the
current condition. The overflow sections would be significantly
wi der than regular | evee sections and would require the renoval of
riparian vegetation. Additionally, the control structures would
al so take water in 25 year flood events that woul d cause strandi ng
of fish less frequently than the existing condition. Any adverse
inpacts to fish would be mtigated with extensive coordination with
USF&W5, WDF, and WDW  Any in-water work woul d avoid the juvenile
salnonid out-mgration period fromMarch 15 to June 15. Possible
mtigation could include devel opnment of a return channel and gate

to return stranded fish to the main river.

(2) Wldlife. Inpacts to wildlife resources would
be primarily limted to the construction areas. Wldlife
downstream of the | evee sections would experience sonewhat reduced

fl ood stages. The continued nmai ntenance of the | evee structures
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will renmove any |arge woody riparian vegetation. This would reduce
wildlife habitat in the project area. Any adverse inpacts to
wildlife wuld be mtigated with extensive coordination with

USF&Ws, WDF, and WW

(3) Threatened and Endangered Species. This

alternative may renove nesting and perching trees utilized by bald
eagl es or peregrine falcons. A biological assessnent woul d be
required for all potentially inpacted threatened or endangered
speci es.

(4) Recreation. This alternative would not I|ikely

i npact recreation facilities or opportunities in the Skagit basin.
Additionally, recreation could be significantly enhanced if bike
trails are incorporated into the | evee design. Existing |evees
along the Skagit River are largely closed to public access. The

i nprovenent of |evees along both sides of the Skagit River as
proposed by this study, would provide an opportunity for an
expanded bi ke and pedestrian trail systemw th possible mni parks
and restroomfacilities and would tie into existing and proposed
riverine trail systenms. These would facilitate the grow ng use of

the Skagit valley by cyclists, hikers, and bird watchers.

(5 Water Quality. Water quality will not be

i npacted long-termby this alternative. Any in-water |evee
construction/inprovenent could cause tenporary water quality

i npacts mainly through increased turbidity, but this will be short-
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term Coordination of construction wi ndows and water quality
moni toring of construction will be coordinated with the appropriate

fish and wildlife agencies.

(6) Cultural Resources. Al inpacts are on sites

known as of 1981; other sites not in our current inventory may have
been di scovered and reported since then. The Burlington-Sterling

| evee may directly affect two known cul tural resource sites.
Through i ncreasing channel flow velocities, it may affect two known
sites indirectly. Oher unknown or buried sites also may be
affected either directly or indirectly. The Munt Vernon | evees
may directly affect 5 known cultural resource sites. Increasing
channel flow velocities may indirectly affect one known cul tural
resource site. Qher unknown or buried sites also may be affected
either directly or indirectly. Prior to any nodification of
terrain for a Corps project, systematic surface archeol ogi cal
surveys and subsurface probes should be conpleted to prevent

i nadvertent destruction of prehistoric or significant historic
sites. Al cultural resource inpacts are on sites known as of

1981; other sites not in our current inventory may have been

di scovered and reported since then. The Fir Island | evees may
directly affect 13 known cultural resource sites. Through

i ncreasi ng channel flow velocities, they may indirectly affect two
known cul tural resource sites. Oher unknown or buried sites also

may be affected either directly or indirectly.
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(7) Native American Concerns. | npacts of the

alternatives on Native Anmerican treaty fishing rights are not known
and woul d have to be identified during subsequent study. Projects
generally woul d have to be designed and constructed to have no net
loss to the resource. In response to Skagit County's request that
the scope of the study to be widened to include a conprehensi ve,
basi n-w de approach, the tribes are seeking opportunities to

restore areas |lost fromfish production throughout the study area.

c. Hydrol ogy. This alternative includes
buil ding a ring-di ke around the town of Burlington and a portion of
Mount Vernon. As a result, it was necessary to determ ne the
anmount of water that accunulates froma hypothetical 100 year/24
hour and 100 year/72 hour stormfor this area. A conservative
anal ysis of the runoff was perfornmed in order to estimate order-of-
magni tude sizing of punping facilities that woul d be needed to
adequately evacuate |local stormwater fromthe areas encl osed by
| evees. The approxi mate vol unes of water fromthese hypotheti cal

storns are shown in Table 9.
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TABLE 9
POTENTI AL STORM WATER PONDI NG VOLUMES (| evee encl osed areas)
Precip. Depth for

Ar ea 100 yr/ 24 hr Total Vol unme
| nterior Areas (Acres) Storm (FT)* (Acre- Feet)
Burl i ngton 3956 . 333 1316
W Bank of Skagit R 330 . 333 110
S.W Mount Vernon 680 . 333 226

Precip. Depth for

Ar ea 100 yr/ 72 hr Total Vol unme
| nterior Areas (Acres) Storm (FT)* Acr e- Feet)
Burl i ngton 3952 . 467 1845
W Bank of Skagit R 330 . 467 154
S.W Mount Vernon 680 . 467 318

*Estimat ed based on Standard Project Precipitation depth ratios.
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d. lnundation Reduction Benefits. The Skagit River

Urban | evee alternative with rural |evees and control structures
has total estimted average annual flood danage reduction benefits
of $4,892,000. Table 10 sunmarizes the existing condition damages,
resi dual damages, and danmages reduced by this alternative.

Overall, the urban areas of Burlington (sub-area 1), Wst Munt
Vernon (4), Main Munt Vernon (6), and a portion of North Munt
Vernon (5) would all receive 100 year flood protection fromthis
alternative. The remaining sub-areas would receive conplete
protection fromfloods |less than or equal to a twenty five year
flood event with the exception of sub-areas 9 and 10 which woul d be
unaffected by the selected plan. For floods exceeding the 25 year
frequency, areas adjacent to the overflow | evees would begin to be
i nundated. A reduction in danmages over existing conditions is
expected for flows between a 25 year flood event and a 100 year

fl ood because the existing systemwould be protected agai nst
catastrophic, unpredictable | evee failures, which can result in
hi gh velocity flows and keep, long duration flooding. Wth
Alternative 2 the areas of controlled overtopping can be pre-
selected for mnimal inpact and a sound flood warning fl oodproofing
program can be devel oped for these areas. Once a 100 year fl ood

di scharge is reached fl ooding would refl ect pre-project conditions,
but damage to | evees would be mnimzed. Alternative 2 flood
damage reduction benefits for each sub-area are broken down by

cat egory bel ow.
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(1) Right Bank Urban Upstream of Pul ver Road

(Burlington). This area would receive 100 year flood protection

fromthe selected alternative. Going from25 year to 100 year
fl ood protection would al so reduce fl oodproofing costs for future
devel opment. This is addressed in a later section. Flood damge

reduction benefits for present |and use are listed bel ow

Resi dential Structures $104, 000
Resi dential Contents 50, 000
Commer ci al / I ndustri al 56, 000
Public 28, 000
Emer gency 69, 000
Agricul ture 6, 000
Q her 67, 000

Tot al $380, 000

(2) Right Bank Downstream Pul ver Road. This area

woul d have a 25 year flood event overflow | evee section with the
sel ected alternative and would receive conplete protection up to
this event. Once this discharge is exceeded and the | evee section
overtops, the path of flooding would be much nore predictable, and
there would be a substantial reduction in danmage to fl ood
protective works. The overall |evel of flood protection would
increase fromthe current 20 year protection to 25 year with

project, with benefits totaling $54, 000.

Resi dential Structures $ 13, 000
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Resi dential Contents 6, 000
Commer ci al / I ndustri al 7,000
Public 7,000
Enmer gency Al d 14, 000
Agricul ture 6, 000
O her 1, 000
Tot al $ 54, 000
(3) Right Bank Downstream Rural. Wth the proposed

| evee i nprovenents in place,

a 25 year event,

Benefits are broken out bel ow
Resi dential Structures

Resi dential Contents

Commerci al / I ndustri al

Publ i c

Enmergency Al d

Agricul ture

O her

Tot al

(4) West Mount Vernon.

year flood protection under the selected alternative,

area riverward of the existing | evee.

this sub-area woul d begin flooding at

rather than the current 20 year flood event.

$ 1,000
1, 000
2,000

0
2,000
8, 000

0

$ 14,000

This area would recei ve 100
excl udi ng the

| nundati on reduction

benefits are estimated at $461, 000 and broken out bel ow

Resi dential Structures
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Resi denti al Contents 59, 000

Commerci al /I ndustri al 220, 000
Public 24,000
Enmer gency Al d 23, 000
Agricul ture 2,000
O her 5, 000

Tot al $461, 000

(5 North Mount Vernon. Under the selected

alternative, the Big Bend area would receive 100 year protection.
Over 1/3 of the benefits accrue to the comercial/industri al

category. Average annual benefits are broken out bel ow

Residential Structures $ 67,000
Resi dential Contents 31, 000

Commer ci al / I ndustri al 200, 000

Public 76, 000
Enmergency Al d 194, 000
Agricul ture 28, 000

O her 8, 000

Tot al $604, 000

(6) Min Munt Vernon. The city of Munt Vernon would

recei ve 100 year flood protection fromthe proposed project.
Average annual benefits are estinmated at $2.8 mllion and are
broken into the foll ow ng categories:

Resi denti al Structures $967, 000
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Resi denti al Contents 470, 000

Commerci al /I ndustri al 790, 000
Public 80, 000
Enmer gency Al d 451, 000
Agricul ture 5, 000
O her 41, 000

Tot al $2, 804, 000

(7) Left Bank Downstream Mount Vernon. A 25 year

| evel of protection overflow | evee section would be |ocated on the
upstreamend of this sub-area. Overall, the level of protection in
this area would increase froma 10.5 year event to a 25 year event.
A smal|l reduction in damages for flood events between 25 year and
100 year flood event, would al so benefit this sub-area. Existing
condi ti on damages of over $1 million would be reduced to $626, 000,

| eaving a net benefit of $377, 000.

Residential Structures $ 85, 000
Resi dential Contents 58, 000
Commer ci al / I ndustri al 52, 000
Public 79, 000
Emergency Al d 21, 000
Agricul ture 73, 000
O her 9, 000

Tot al $377, 000

(8) Fir Island. This area has the fifth overtopping
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| evee section. The level of protection for this sub-area would be
25 year flood protection with the project in place. Flood danage
reduction benefits are expected froman increase in the |evel of
protection, as well as nore predictable flooding which would tend
to decrease danages, especially those to | evees. A breakdown of

the benefit categories is |listed bel ow

Resi dential Structures $ 35,000
Resi dential Contents 17, 000
Commerci al /I ndustri al 1, 000
Public 42,000
Enmergency Al d 30, 000
Agricul ture 52, 000
O her 1, 000

Tot al $178, 000

(9) Samish Overflow. Benefits for this area are

assuned to be zero. The area would be expected to continue to
flood at a 25 year flood event. A detailed hydraulic nodel would
be developed in the feasibility phase to test the assunption that
t he proposed project would not induce additional damage in the

Sam sh Basi n.

(10) G her Areas. These areas are assuned to be

unaffected by the project. Therefore, no flood damage reduction
has been taken for this sub-area. Again we will test this

assunption with a nodel in the feasibility phase.
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e. Oher Benefit Categories. Skagit County, one

of the state's fastest growi ng counties, has a year 2010 projected

popul ati on of 131,885 which is a 54% i ncrease over current

popul ation and represents an average growth rate of 2.9% per year.
Bet ween the years 2010 and 2040 the Skagit County Pl anni ng

Departnent is projecting population growh to slow to an average of

1% per year. Mount Vernon has an expected average growmh rate of

4.1% over the next eighteen years, and 1.3%for the follow ng 30

years. Current Munt Vernon popul ation is 19,934. Projected

popul ation for the year 2010 is 34,478, and 48,007 in the year

2040. Burlington is also expected to grow at a rate higher than

the county average, with a projected gromh rate of 3.2% per year

t hrough 2010, and .4%to the year 2040. Current 1992 popul ation of

4,510 is projected to growto 6,231 in the year 2040. Wth these

| arge popul ation increases, a significant anount of devel opnment is

expected to occur within the project area.

Skagit County is planning under Washington State's G owth
Managenent Act. As such, the county is required to establish urban
grow h areas and encourage future devel opnent within these
boundaries. In Skagit County, the cities of Mount Vernon and
Burlington are two of these areas, as is the |I-5 corridor
connecting the cities. The county's goal is to have 80% of new
devel opnent to occur in these urban grow h areas as opposed to
| osing additional rural/agricultural land to devel opnent in other

parts of the county. Historically, approximtely 50% of the growth

95



has occurred in rural areas and 50% in urban areas. Econom c sub-
areas 1 (Burlington), 4 (Wst Munt Vernon), 6 (main Munt Vernon),
and a portion of 5 (North Mount Vernon) coincide with the county's
urban growt h pl anni ng boundaries. The effect of the proposed flood
control project in relation to future devel opnent is di scussed

bel ow.

(1) Location and Intensification Benefits.

Location and intensification benefits were investigated for the
flood plain areas affected by the proposed project, particularly

t hose which woul d receive 100 year protection by the project.
Location benefits are the value of making flood plain |and
avai |l abl e for higher econom c use by reducing flood hazards to
activities which would use the flood plain only with fl ood
protection. Intensification benefits are the value associated with
a plan which enables existing flood plain activities to utilize

| and nore intensively. Currently the flood plain in econom c sub-
areas 1 (Burlington), 4 (Wst Munt Vernon), 5 (a portion of North
Mount Vernon), and 6 (Munt Vernon) is a conbination of rura
agricul tural devel opnent and typical urban (commercial/industrial
and residential) devel opnent. Under the county's |ong range pl an,
nost of the land within the above-nentioned sub-areas wll be
further developed with | and use changi ng from suburban and rural to
commercial/industrial and to a | esser degree residential use. It
appears that rural |land values in these areas presently reflect
future devel opment, and this devel opment will take place with or

W thout the project. As such, at this level of study, it is
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assunmed that no significant amount of land is anticipated to change
use or go to a higher or nore intensive use as a direct result of
t he proposed project. The growh will likely take place with or

W t hout the project.

(2) Elimnation of Floodproofing Costs. Benefits

for the elimnation of future floodproofing costs were investigated
for economc sub-areas 1, 4, 5, and 6 which would receive 100 year
protection fromthe proposed project. Wthin these areas there is
an estimated 900 acres that would be devel oped or further

devel oped. Wthin the Burlington area this includes an estimated
575 residential structures and 130 commerci al establishnments over
the next 50 years. Around the Mount Vernon area there will be an
estimated 130 new commerci al /industrial structures devel oped over
the next 50 years. Under current Federal flood control |aws, al
new devel opnent in the flood plain is required to be fl oodproofed
up to the 100 year event. Wth the project in place the projected
new devel opment woul d experience a cost savings fromthe
elimnation of floodproofing structures. Benefits were based on
rai sing structures an average of 4 feet by hauling in fill
material. The average cost to floodproof a commercial structure
has been estimated at $80,000. The average cost for fl oodproofing
residential structures is estimated at $4,500 per structure. The
present value of the annual cost-saving, with growth occurring
uniformy over the next fifty years, and annualized over the

project life at 8.25%results in an annual benefit of $408, 000 for
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conmer ci al devel opnent and $51, 000 for residential devel opment for

a total benefit of $459, 000.

f. Project Justification. The first costs

associated wth the selected alternative (urban | evees and rural

| evees with control structures) are $49, 300, 000. Estimates of
annual charges are based on a 100 year period of analysis or
economc life. Interest during construction has been included in
the total investnent cost and was conpounded on an annual basis
over a two year period. Interest and anortization charges are
based on a 8.25% interest rate. Annual operation and mai nt enance
expenditures are estimated at $295,000. A summary of annual costs
and benefits are presented in Table 11. This alternative results
in a positive benefit-to-cost ratio of 1.1 to 1.0. Aline item
cost breakdown is shown in Table 12, and Appendix 3 has a detail ed

cost estinmate.
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TABLE 11

SUMVARY OF ANNUAL BENEFI TS AND COSTS

OF SELECTED ALTERNATI VE
(Cctober 1993 Prices)

| nvest rent Costs

Initial Construction Cost
| nterest during Construction

| nvest nent Cost

Annual Costs

Interest and Anortization (@8.25%- 100 yrs)
Operation and Mi nt enance

Annual Cost

Aver age Annual Benefits

| nundati on Reducti on Benefits
El i m nati on of Floodproofing Costs

Annual Benefit

Benefit-to-Cost Ratio

99

$49, 300, 000
4,100, 000

$53, 400, 000

$ 4,407, 000
295, 000

$ 4,702,000

$ 4,872,000
459, 000

$ 5,331, 000

1.1to 1.0
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g. Conclusions: Alternative 2 appears to warrant

further investigation. The reconnai ssance phase econom ¢ anal ysis
yi el ded a benefit-to-cost ratio of 1.1 to 1. The potential project
appears to have a Federal interest and to warrant further study.

In addition, if the project were constructed, the estimated | ocal
share ($11, 000, 000) of the total construction cost ($49, 300, 000)
appears to be affordable to Skagit County, and the environnental

i npacts seemmnimal. Based on the study findings, the potenti al
project would significantly reduce fl ood danages in the Skagit

Basi n.

2.3.4 Aternative 3. During the final stages of preparation

of the reconnai ssance report a recomendati on was made to | ook at
hi gher | evels of protection than that afforded by the 25 year
overtopping | evees. There are flood damage reduction benefits to
be obtained with a higher overtopping | evee, and the cost of

i ncreasing the height of these | evees m ght be small conpared to
the benefits obtained. The major problemw th this alternative was
that it would cause significant additional flooding of the
Nookachanps/ Cl ear Lake area by increasing the height of the
overtopping | evee on the other side of the river (see Plate 2). A
possi bl e solution to this problemwould be to include a |l evee to
protect the magjority of the Nookachanps/C ear Lake area that would
i ncl ude an overtoppi ng section at the sane flooding el evation as
the rest of the adjacent and downstream overtoppi ng sections. The

investigation of this alternative would include an analysis of the
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natural valley storage lost wwth this alternative and whet her or
not a punping plan would be required on Nookachanps Creek (see

Plate 5 for a possible |levee location for this alternative).
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3. Concl usi ons.

Thi s reconnai ssance report finds that an economcally
feasible solution exists for partial flood damage reduction in the
Skagit basin. The solution includes a series of |evees that would
protect Burlington, Munt Vernon, and West Munt Vernon froma 100
year flood event and a series of rural |evee upgrades with overfl ow
control structures that would protect the rural areas from al
flooding up to a 25 year event. The project would also mnimze
t he chance of a catastrophic flood for events higher than the 25
year flood event. The plan would reduce average annual fl ood
damages in the Skagit Basin by $ 4,872,000 (from $9, 957,000 to
$5, 085, 000). These inprovenents woul d cost about $49, 300, 000,
whi ch woul d be cost shared at about 25 percent non-Federal and 75
percent Federal. The |ocal sponsor (Skagit County) favors this
plan as a basis for further evaluation and for further
consideration of other alternatives in the subsequent feasibility
phase. Study findings indicate there is a Federal interest in
pursuing further studies of flood danmage reducti on neasures in the
Skagit Basin. There is also a significant local interest in

pursing feasibility studies based on a significant public
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i nvol venent programthat was sponsored by Skagit County.

4. Proposed Feasibility Studies.

Several proposals for studies in the feasibility phase have
al ready been discussed in this report. Additional studies would

i ncl ude:

0 Mre detailed studies to establish the basic design and
cost of rural flood control and overtopping | evee section
alternative. Further studies to investigate possible flood damage
reduction alternatives upstream of Sedro Woll ey, concentrating on

non-structural alternatives (e.g. flood warning and fl oodproofing).

o Fish and wildlife studies to establish suitable mtigation
measures for any Corps structural project, and basin-w de fish and

wildlife studies to expl ore enhancenent opportunities.

o0 Detailed hydraulic and hydrol ogic studies to accurately
establish the present flood patterns and characteristics,
hydrol ogi c data, and the inpact of the Corps' flood damage
reduction alternative. Analysis would include devel opnent of

unst eady and possi bly two-di nensi onal nodeling procedures and

104



i nvestigation of upstream storage potential. Also a detailed
hydr ol ogi ¢ analysis of the existing flood control operation and
exi sting flood control storage at Seattle City Light's Ross and

Puget Power's Upper Baker hydropower projects is required.

0 Detailed design analysis to establish design of the
overtopping | evee sections to possibly include physical nodel

st udi es.

0 Geotechnical studies to establish the reliability of
existing |l evees, materials needed for new | evees, and suitable

borrow sources for any new | evee nateri al .

0 Detailed hydraulic analysis of |evee failure sequencing and

downstream ef f ect s.

o Detailed surveying and mapping for all areas where a Corps
project would be built, and other areas along the river as
necessary for input to the hydrol ogic and hydraulic studies.

0 Real estate studies to establish the real estate costs for

all land needed for the Corps project.
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0 Economc studies to refine the economc analysis and

feasibility of the potential project.

o Studies to define and incorporate hydrol ogic, hydraulic, and
econom c risk and uncertainty into all appropriate project elenents
including a risk and uncertainty approach to determ ne w th-project

| evel of protection.

o Evaluation of nonstructural neasures (floodproofing, relocation,
and flood warning systens) for the areas unprotected by |evee
projects, and a refined flood warning systemfor the |ower basin to

tie into the existing and proposed | evee systens.
0 A study to determne if an alternative with a higher
protection level for the control sections and a | evee across the

mout h of the Nookachanps area is feasible.

0 A public agency, Indian tribe, and |ocal sponsor public

i nvol venment program

At present, it is estimated that the feasibility phase would
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| ast three years and cost about $2,500,000. This time frane and
cost estimate will be refined in the next few nonths and presented
in the Initial Project Managenent Plan (I PMP) which wll be
forwarded, along with the Draft Feasibility Cost Sharing Agreenent
(FCSA) and Letter of Intent (LO), to satisfy certification

requirenents.

VWiile the feasibility study is underway the County is planning
to update its conprehensive fl ood damage reduction plan. This plan
w || address aspects that are currently outside the scope of the
proposed feasibility study. (logging practices, zoning in certain

areas, etc.)

5. Division of study and project responsibilities.

The feasibility study phase woul d be equally cost-shared
bet ween the | ocal sponsor (Skagit County) and the Federal
Gover nment under the provisions of Public Law 99-662. Up to 50
percent of the | ocal non-Federal cost-sharing may be through "in
ki nd" services. At |east 50 percent of the non-Federal share nust
be in "cash" contribution. If the non-Federal share of the

feasibility cost were $1, 250,000, then at |east $612,500 woul d have
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to be in cash

During the next phase, plans and specifications, project
construction details would be devel oped by the Corps in enough
detail so that the project could then be turned over to a
contractor for construction. The plans and specifications phase
are cost shared with the sponsor at the sanme ratio as the
construction phase, which is typically 75% Federal, 25% non-
Federal. However, the local costs under the plans and

specifications phase are deferred until the construction phase.

The final phase is project construction, for which costs are
typically shared 75% Federal and 25% non- Federal. Wen LERRD
(l ands, easenents, rights-of-way, relocations and di sposal sites)
costs are high in relation for the total project, the non-Federal
cost can be as high as 50% but it can never exceed 50% Assum ng
arelatively |l ow LERRD cost, a $49, 300,000 project could require a

m ni mum of $11, 000, 000 contribution fromthe |ocal sponsor.

The potential |ocal sponsor, Skagit County, is aware of and is

willing to accept its cost sharing responsibilities. A county-w de

Ctizens Commttee has been established by Skagit County to bring
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about a conprehensive approach to flood damage reduction. The
Comm ttee has been established in part to assist the Corps in their
devel opment of reconnai ssance and feasibility studies. The

Comm ttee has fully supported the reconnai ssance study and is
working toward the initiation of a feasibility study. Funding of

t he non- Federal portion of the feasibility study phase, would cone
fromcounty funds. The plans and specifications phase, and the
construction phase would |ikely be funded through a | ocal bond

i ssue.

6. Study participants and coordi nation.

This study was conducted under the managenent of the Seattle
District Corps of Engineers. The overall nmanagenment responsible

for this effort was:
Col onel Walter Cunningham District Engi neer
Philip ODell, Chief, Engineering D vision
George Pl oudre, Chief, Planning Branch

Frank Urabeck, Chief, Plan Fornul ati on Secti on

The reconnai ssance i nvestigation was conducted by the Corps
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study team consisting of the foll ow ng:

Noel G | brough, Plan Fornul ation Section, Study Manager
M ke Scuderi, Environnmental Resources Section
Merri Martz, Environnental Resources Section
Patty Cardinal, Econom cs Section
Norm Skj el breia, Cvil Design Section
Mont e Kai ser, Ceotechnical Branch
Wanda Gentry, Real Estate D vision
Linda Smth, Plan Formulation Section
Joanne Green, Plan Fornulation Section
Dan Harvey, Hydrol ogy Section
Kim Scattarella, Hydrol ogy Section
JimLencioni, Hydraulics Section
Ron Mal ngren, Hydraulics Section
Steve Pierce, Cost Engineering Branch
Lawr Sal o, Environnental Resources Section, Cultural
Resour ces
Jim Sm th, Econom cs Section
The | ocal sponsor, Skagit County, provided val uable help and
i deas t hroughout the reconnai ssance study. |In particular we would

i ke to recogni ze:

110



Robby Robi nson, County Comm ssi oner
Bob Hart, County Comm ssi oner

Har vey Wl den, County Conm ssi oner
Dave Brookings, County Flood Engi neer

Agency and I ndi an personnel that have been particularly hel pful

during the study include:

Steve Fransen, US Fish & Wldlife Service

Kurt Buchanan, Departnent of Fisheries

Larry Wassernan, Skagit System Cooperative
Marcia G edel, State Departnent of Ecol ogy

Geor ge Kom nsky

Terry Stevens

John Gennett, Washi ngton Departnment of Wldlife

Jim Chue, U. S. Forest Service

The Skagit River Flood Control Ctizens Commttee was
instrunmental in keeping the study team up-to-date on study and
proj ect devel opnents throughout the basin. The Ctizens
Comm ttee's informati on has been useful in preparing this

reconnai ssance report. The current president of the Ctizens
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Commttee is Neil Hanburg and the chairman of the Reconnai ssance

Study Subcommittee is Richard Smth.

Since the study began in April 1992, sone of the nbst inportant
coordi nation events (other than the nonthly Ctizens Commttee
Meetings) have included a series of public workshops that have been

hel d t hroughout the Skagit Basin on this issue.

Several interagency neeting were conducted at the County
offices. The followi ng were represented at those neetings: US
Forest Service, Skagit System Cooperative (representing the
Swi nom sh, Upper Skagit and Sauk/Suaittle Tribes) US Fish and
Wldlife Service, Departnent of WIldlife, and the Departnent of

Ecol ogy.
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7. Recommapdations,

I recommend that a cost-sharsd feasibility study be initiated
to investigate, in detall, flocd danage raduction measures for the
Skagit basin. This detalled feasibility study would be conducted

in accordanca with the Water Rescurces Davel Act of 1986

(Public Law 959-662). _
' Plll
lenel, Corps of Enginears

Companding
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Engineering Department

Post Office Box 809

Washington 98273 o T | :
1003 Cleveland Avenue ' gton 3 « Telephone 336 6204

September 22, 1988

Colonel Phillip L. Hall
District Engineer, Seattle

Post Office Box C-3755 '
Seattle, Washington 98124-2255

Dear Colonel Hall:

The City of Mount Vernon requests that the U.S. Army Corps of
Engineers reactivate the Skagit Flood Control Project. The City
1is interested in sponsoring that portion of the authorized
project which would protect Mount Vernon. The City is also
interested in determining if a smaller separate project could be
developed to protect Mount Vernon.

We believe the potential for flooding and nature damage within
the City is high. In addition the impending expiration of the
congressional authorization for the project is of concern to us.
We are interested in finding a solution to our flooding problems
which would be acceptable to property owners.

During recent discussion with members of your staff, we
understand a reconnaissance study will first be completed at the
Corps expense. The reconnaissance study will determine whether
or not further studies are appropriate. We also understand that
if the Corps and City decide to proceed with further studies or
construction, we will have to share the costs in accordance with
the Water Resource Development Act of 1986 (Public Law 9-662) .

Your consideration of this request would be appreciated. Please
contact John Wiseman, City Engineer at 336-6204 for further
information.

Sincerely,

M’)"’R“M,

Raymond T. Reep, Jr.
Mayor -

SR
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ALo a2 SKAGIT COUNTY
' > BOARD OF COMMISSIONERS
gt Post Office Box 459 .
' ‘Mount Vernon, Washington 98378
\ (206) 886-9300

December 28, 1990

Milton Hunter

Colonel, Corps of Engineers
Post Office Box C-3755
Seattle, Washington 98124-2255

Dear Colonel Hunter:

This is in response to the recent flooding in Skagit County and discussions with
your staff concerning a long-term solution to our flood problems. :

We are interested in renewing a study to increase the flood protection for Skagit
County. Unless we upgrade the level of protection, our system will continue to
be vulnerable against the larger floods. Accordingly, Skagit County requests to
the U.S. Army Corps of Engineers to conduct a reconnaissance study of all of the
viable alternatives with a recommendation as to the positive-and negative aspects
of the alternatives, and which one would be the most feasible.

County representatives have discussed this study with representatives of the city
and Corps. Our interest is to insure that the flood threat to unincorporated
areas of the county is given consideration at the same time as study of flood
protection for Mount Vernon. The county understands the requirements by law for
study cost sharing and is willing to enter into a cost sharing agreement with the
Corps for follow-on feasibility studfes. We also understand that the Corps will
first conduct a reconnaissance study at Federal expense to establish the scope
and cost of feasibility studies. '




Page 2
Milton Hunter
December 28, 1990

We request your consideration of our interest and that you keep us informed of

~Your progress toward initiating this study. Please work with Mr. Don Nelson and

Dave Broqkings of my staff to plan this study effort.
Sincere?y,

Board of County Commissioners

‘éi?§2;%‘ Washington
W - | S

2;6
< W.W. Yaux” Comhissioner

kagit

Vol (o4

bbiegfobinson, Commissioner

R
WWV:RW:RR/s1d

~




ROBERT HART
FIRST DISTRICT ' i W] N # : .
ARVEY WOLDEN . Sxacir County

ND DISTRICT BOARD OF COMMISSIONERS
ROBBY ROBINSON Skagit County Administration Building
THIRD DISTRICT 700 S. Second, Room 202

Mount Vernon, Washington 98278
* (206) 836-9300
FAX¥ (806) 836-9307

Aprll 15, 1893

Noet L. Gilbrough, P.E., Study Manager
P.Q. Box 3755

4735 E. Marginal Way S.

Seattle, WA 88124-2255

Dear Mr. Gilbrough:

Thank you for the opportunity to comment on the draft Skagit River Reconnaissance Study. We have
chosen to defer the fine tuning of the wording contained In individual sections of the document to our Flood
Control Engineer, Dave Brookings; however, we do have comments on the draft on a conceptual level.

. Following your report to the Board on Monday morning, we were very encouraged by the progress that has

been made. It appsars at this point that a feasible altarnative has been chosen, and that the funding
scenario suggested will be affordable. Although there are some questions still left to be answered, the
information provided to date appears to support the alternative of overtopping weirs and setback levees.

We strongly support the notion of river modeling and topoegraphic mapping as a tool for.continuing to
ovaluate feasibility. We fear that without these two components we will be unable to make an Informed
dacision about the level of and location of flood protection that is being planned.

At this point, we support continuing 10 the next phase of the study, and look forward to fuiture progress
reports. _ _

BOARD OF COUNTY COMMISSIONERS
SKAGIT COUNTY, WASHINGTON

C s

i Rebert Har, Chalrman
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APPENDIX 2
HYDRAULICS
l. Scope.

The scope of this work was to develop a reconnaissance level
numerical model that would simulate the time variant flow and
stage characteristics along the Lower Skagit River. Utllizlng this
model numerous flood reduction alternatives would be screened to

determine beneficial versus non-peneficial alternatives.

2. Computer Program.

The UNET computer program used in this study was developed and
supported through the Hydrologic_Engineering Center. The unsteady
flow numerical model solves the one-dimensional St. Venant
equations using a weighted four point finite difference scheme.
The UNET program computes profiles upstream to downstream. The
basic data requirements for the program are river/valley geometric
data, an upstream flow hydrograph and either a downstream flow or
stage hydrograph. From these data inputs flow and stage
hydrographs are computed for any cross section in the system.
Additional information on the program can be found in "UNET One
Dimensional Unsteady Fiow'Through a Full Network of Open Channels"

users manual from the Hydrologic Engineering Center.

3. Basic Data
The lower 22 miles of the Skagit River from Sedro Woolley to

the mouth was modeled. There were 27 cross-sections for the main
stem, 20 for the North Fork, and 12 for the South Fork. The cross-




sections were surveyed in 1975, No attempt was made to verify the
cross-sections to present-day conditions for this study. These
Cross-sections were arranged in reverse HEC-2 order for the
unsteady flow analysis. The upstream and downstream boundary flow
and stage data used were developed by Hydrology Section. Local

inflows were neglected.

4, Ver;fication Run

Model adjustment was performed to the verify the observed 1975
flood event water surface elevations. This high water event was
contained to the channel and numerous high water marks are
available. The downstream boundary condition used the observed

tide record for the vicinity of the Skagit River. The discharge

'hydrograph at Sedro Woolley, developed from hydrolegic routing

methods between Concrete and Sedro Woolley was used as the upstream
boundary. condition. The difference between the predicted and
observed stages ranged from 0.00 to 0.60 feet with the majority of
the difference on the order of 0.5 feet. Mannings' roughness values
used in the model were based on simulation of the 1975 observed

high water data and ranged from about 0.025 to 0.035.

5. Flood Reduction Alternatives

The flood reduction alternatives chosen to be examined during
the study were:

a. No change, existing condition

b. Samish-l1 Bypass beginning downstream of Sedro Woolley




(not discussed in Reconnaissance Report).
€. Samish-2 Bypass beginning downstream of Interstate 5
{(Alternative 1).
d. Urban Levees (100 year) with rural levees and control
structures {25 year) (Alternative 2 - Selected

Alternative),

6. Description of Flood Reduction Alternatives

6.1 Existing Conditions

The existing condition was developed to estimate without
project damages. Using the existing condition a probable failure
point-probable non-failure point (PFP-PNP) analysis was conducted

to determine levee failure/non failure discharges.

6.1.1 PNP-PFP Analysis

A PFP-PNP analysis was performed to determine the
level of.protection of the present levee system. The study area
was divided into 10 subareas. “A geotechnical evaluation of the
levee system determined 29 different levee sections each with a
distinct PFP-PNP point. The model was coded so each levee failed
at the required PFP-PNP stage. For each levee section the output
was analyzed to détermine the discharge that resulted in levee
failure/non failure. This analysis was conducted for the entire
length of the existing levee systeﬁ and for both the PFP and PNP
levee points. Sequencing of levee failures and downstream effects

have not been addressed in this reconnaissance level of study.




Future studies will need to determine the sequence of levee

failures and downstream effects. The discharges were then

‘:egionally analyzed to determine the minimum discharge that would

result in levee failure for each subarea. No allowance for flood

fighting was built into the model.

PFP/PNP Discharge and Frequency Results

Subarea PNP Return PFP Return
Discharge Frequency Discharge Frequency
(x1,000 cfs) {yr) (x1,000 cfs) {yr)
1l 145 24.4 145 24.4
2 138 20.0 138 20.0
3 138 20.0 . 138 20.0
4 117 10.5 117 10.5
5 138 20,0 144 23.8
6 117 10.5 117 10.5
7 117 10.5% 117 10.5
8 133 16.7 144 23.8
9 145 24.4 145 24.4

6.2 -sgm1§h:1_ﬂxn§§§_31:gzng;1xg (not discussed in Reconnaissance

Report in det#il).

The samish-l Bypass alternative would divefﬁ a maximum 80,000
cubic feet per second (cfs) out of the Skagit River from the upper
reaches 6: the study area into the Samish River by means of a lateral
overflow weir diversion structure and shallow earthen canal. Removing

80,000 cfs from the system during a 100 year event would keep the




The divérsion structure as designed is 1300 feet wide
and 100 feet long. The overflow sill is at El 36 for a maximum
discharge of 80,000 cfs. At this elevation, overflow will begin at
a 5 year event. The outlet structure also includes a stilling basin

and outlet channel to reduce energy. The structure was designed using

guidance in EM 1110-2-1605,

6.2.2 Bypass Channel

The bypass channel was designed to convey 80,000 cfs
from the Skagit River to Samish Bay. A HEC-2 mogdel using existing
topographic maps was used to size the bypass channel. The final
design resulted in a channel 11.5 miles'long, approximately 2200 feet
wide and 8-10 feet deep. The channel was designed with a low flow
éection to carry frequent low diScharges. The maximum velocity in the
bypass channel would be less than 4 feet.per second (fps).

The bypass channel would need 4 new bridge structures constructed.
These bridge openings were all modeled using HEC-2 bridge routines.
It is assumed that for this alternative all secondary roads crossed
by - the bypass channel would be lowered to the, channel invert
elevation.

A maximum tide of 6 ft NGVD and a constant 80,000 cfs hydrograph
were used for the boundary conditions. Shoaling that could occur at
the mouth of the bypass channel was not cbded into the model. If
future studies determine that shoaling might occur, redesign of the
final 2-3 miles of the bypass channel will be required. It is assumed

that the bypass channel would be lined with short grazing grasses and




little or no shrubs.

6.2.3 Levee System

The existing levee system along the Skagit River was
redesigned for with-project conditions. The outlet structure removed
80,000 cfs from the System during a 100 year event. New levees were
inserted in the model from the outlet structure to the exlstlng levee
System on the right bank. The Nookachamps area was modeled as a
storage area.

A simplified uncertainty based approach was conducted to determine
with project levee elevations. Uncertainty in Manning 'n', bridge
openings and sedimentation were estimated and coded into the model.

The urban areas were designed for 100 year protection while the
rural areas would have 50 year protection. The urban areas extended
from RM 12.4 on the main stem to the upstream limits of the levee
system on the right bank and from RM 12.4 on the main stem to the
Burlington Northern Railroad Bridge on the left bank. The rural areas
extended from RM 12.4 to the confluence on the main stem and along
both the North and South Forks.

Using the numerical model, with the hydraulic uncertainty, the 50
and 100 year hydrographs were routed through the system. Using the
output from these rune fhe maximum calculated WSEL for the urban and
rural areas was used as guidance for the with-project design levee
elevations.

Superelevation was added to five areas per the 1979 Skagit River

General Design Memorandum (GDM). The design levee elevation was




adjusted in these 5 areas,

6.3 Samish-2 Bypass Alternative (Alternative 1)

The Samish-2 bypass is designed to withdraw a maximum 80,000
cfs from the Skagit River system downstream of the Interstate 5 bridge
and combine with the Samish River. The diversion structure is located

between RM 16.30 ang 16.60 on the right bank of the Skagit River.

6.3.1 Diversion Structure

The diversion structure as designed is 1200 feet wide
and 100 feet long. The overflow sill is at E1 32 resulting in a
maximum discharge of 80,000 cfs. At this elevation overflow would
begin at a 5 year evént. The diversion structure contains a stilling
basin and outlet channel to reduce the water's energy. The diversion

Structure was designed using guidance in EM 1110-2-1605.

6.3.2 Bypass Channel

The bypass channel is designed to divert a maximum
80,000 cfs from the Skagit River into Samish Bay. A HEC-2 numerical
model using existing topographic maps was constructed to design the
bypass channel. The selected final design of the channel resulted in
a channel 8.5 miles long, approximately 2100 feet wide and 7-10 feet
deep. The channel was designed with a low flow section to carry
frequent low discharges. The diversion structure starts operating at
a 5 year event. The velocity in the bypass channel would be bhelow 4

fps.




A maximum tide of 6 feet and a constant 80,000 cfs hydrograph were
used for the boundary conditions. Shoaling that could occur at the
mouth of the bypass channel was not cbded into the model. If future
studies indicate that shoaling might accur, redesign of the final 2~3
miles-of the bypass channel would be required. It is assumed that the
bypass channel would be lined with short grasses and no or very little
brush. _

The Samish-2 bypass channél would require 1 new bridge structure
to be constructed where Highway 20 and Burlington Northerh'Railroad
cross the 'bypass channel approximately 1 mile downstream of the
diversion structure. It is assumed that for this alternative all
roads that the bypass channel crosses would be lowered to the channel

invert elevation.

6.3.3 Levee System

The existing Skagit River levee system for with-
project conditions was redesigned. The bypass discharge of 80,000 cfs
was removed from the system between RM 16.30 and RM 16.60. New levees
were inserted in the model from the existing levees on the right bank
upstream to RM 22.40, This is to contain the Skégit River within
existing banks. The Nookachamps area was modeled as a storage area.

A simplified uncertainty approach was conducted to determine with
project levee elevations. Uncertainty in Manning 'n', bridge openings
and sedimentation were determined and coded into the model,

The urban area was designed for 100 year protection while the

rural areas would have 50 year protection. The urban level of




limits of the levee system on the right bank and from RM 12.4 on the

main stem to the Burlington Northern Railrocad Bridge on the left bank.
The rural level of protection extended from RM 12.4 to the confluence

on the main stem and along both the North and South Forks.

approach the 50 and 100 year hYdrographs were routed through the
System. Using the output from these runs the maximum calculated WSEL
for the urban andg rural areas was used as guidance for the with
pfoject design levee elevatibns.

Superelevation was added to five areas per the 1979 GDM. fThe

design levee elevation was adjusted in these 5§ areas,

6.3.4 Redesign of Existing Bridges
The Samish-2 Bypass requires routing the entire 100
Year discharge of the Skagit River through three existing bridges
structures (RM 17.55 +to RM 16.80). Due to channel and bridge
charactefistics it is probable that the 100 year event would overtop
these bridges. To prevent bridge overtopping each .of the bridges were
'modified as follows:

a. Burlington Northern B:idge (RM 17.55).

© Removal of the gravel bar on the right bank with
excavation down to El 5 extending to the existing levee
location.
©0 Increase channel width by 200 feet on the right bank.
b. Highway 99 Bridge (RM 17.05).
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¢ Increase channel width by 200 feet on either the left
or right bank.

C. Interstate 5 Bridge (RM 16.00).

© The channel width was increased by 150 feet.

d. Channel downstream of the I-5 Bridge.

© Channel widened by 150 feet to the downstream end of

the diversion structure,

e. Channel upstream of the BN Railroad Bridge.

© Channel widened by 100 feet.

6.4 Urban Levees (100 year) with rural levees with control

structures (25 vear) - Alternativg 2 {Selected Alternative)

| Overflow levee secﬁions (control structures) were designed
to withdraw a total of 80,000 cfs from the system during a 100 year
event. The overflow sections were placed to minimize impacts on
present developments and to direct the discharge to the rural areas.
Five sites were selected by Skagit County Commissioners and the
project manager to contain the overflow sections, The sites and

hydraulic properties of the overflow sections are listed below.

Overflow Width of Height of Weir Area
Location © Overflow {ft) ‘ Flooded
1. Sterling 5,000 ft 42.0-42.2 21 sqg.mi.
2, Gages Slough 3,700 ft ‘ 37.6-38.1 21 sqg.mi.
3. Memorial EHwy 4,200 ft 32,2-33.8 24 sq.mi.
4. Britt Slough 3,200 ft 26.2 11l sqg.mi.
5. Fir Island 6,000 ft 21.5-22.0 11 sg.mi.

These overflow sections will reduce the discharge at the

10




confluence of the North and South Forks of the Skagit River to 155,000
cfs. The overflow levee system will not start to overtop until the
discharge reaches 155,000 cfs. At 155,000 cfs all overflow sections

will begin overtopping within 1-2 hours.

6.4.1 Control Structure Design

The overflow sections‘consist of a rip-rapped slope-
design based on results of a previous physical model test at WES (TR
2-650, June 1964, "Stability oflRiprap and Discharge Charactéristics,
Overflow Embankments, Arkansas River, Arkansas"). Riprap was designed
to prevent failure of the overflow section during the 100 year event.
The riprap selection and hydraulic properties for the overflow
sections are listed below. |

Section Riprap Max Riprap Overflow Runout Width

Number Thickness Diameter Levee EL Length of Overflow
(in) (in) (ft, NGVD) (ft) (ft)
ot t d da
1 21 3 1l 23 42.1 25 5000
2 21 27 16 18 37.8 20 3700
3 21 27 16 18 33.0 20 4200
4 21 15 16 14 26,3 15 3200
5 21 15 16 14 21.8 15 6000
where:

t; riprap thickness, riverward side of levee
t, riprap thickness, landward side of levee
dy riprap diameter, riverward side of levee
d; riprap diameter, landward side of levee

6.4.2 Ring Dikes (urban leveesg)

The location of the overflow levees could result in
watexr entering the cities of Burlington, Mount Vernon and West Mount

Vernon. Ring dikes were designed to protect these areas up to a 100

11




yYear event. The location of the dikes are shown on plates 2 and 3.
The height of the ring dikes were determined by narrowing the flood

plain ang increasing the 'n' value to describe a worst case scenario.

The design height of the dikes are:

Location Height (ft)
Burlington 4.0-5.1
West Mount Vernon 4.5
South Mount Vernon 4.5
Mount Vernon match existing

The ring diked areas will be required to have pumps, cﬁiverts and
flap gates installed to remove rainwater and small creek/slough flow.

The pumps were sized to pump the 100 year - 72 hour rainfall volume.

The culverts angd flapgates were sized to match existing structures.

6.4.3 Levee System (Urban and Rural
The existing levee system albng the Skagit Riyer was
redesigned for with pProject conditions. The overflow levee sections
removed a maximum 80,000 cfs frém the system during a 100 year event.
New levees were inserted in the model on the right bank from Sedro
Woolley to the first overflow weir. The Nookachamps area was modeled
as a storage area.

‘A simplified uncertainty approach was conducted to determine with
project levee elevations. Uncertainty in Manning 'n', bridge openings
and sedimentation were determined and coded into the model.

The urban areas were designed for-lOO_year protection while the
rural areas have 25 year pfotection. These levees extended from RM

12.4 on the main stem to the upstream limits of the levee system on

12




the right bank ang from RM 12.4 on the main stem to the Burlington

Northern Railroad Bridge on the left bank, This rural leve) of

protection extended from RM 12.4 to the confluence on the main stem
and along both the North and South Forks.
Using the numerical model, with the simplified hydraulic

uncertainties, the 100 year hydrograph was routed through the system.

Using the output from these runs the maximum calculated WSEL for the

urban and rural areas was used as guidance for the with-project design

levee elevations,

Superelevation was added to five areas per the 1979 GDM. The

design levee elevation was adjusfed in these 5 areas,

7. Final Results

- The final 1levels of protection for the three different

alternatives studied are:

Level of Protection for the Skagit River Flood Plain
Levels of Protection {years)

Overflow
Sub-Areal Existing Existing Levee  Samish  Padilla
PNP PFP Sections Bypass Bypass
1. 25.6 25.6 100 100 100
2 20.0 20.0 25 100 100
3 20.0 20,0 25 50 50
4 10.5 10.5 100 100 100
5 20.0 25.0 100 - 100 100
6 10.5 10.5 100 100 100
7 10.5 10.5 25 50 50
8 16.7 25.0 25 50 50
9 25.6 25.6 25 100 100

1 see figure 1, Reconnaissance Report

13
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8. Future Studies

The hydraulic studies accomplished to date are not considered
adequate for use beyond the rYeconnaissance levee of study.

Significant refinement of the UNET unsteady flow model using

-additional and up-to-date channel geometry is hecessary.

Considerable effort is needed to ensure that levee overtopping
conditions are adequately simulated, Lihited use of the model in
atteﬁpting to simulate the Fir Islang levee break during the 1990
flood indicated problems with the existing model which neeé to be
resolved for feasibility studies. Bydraulic roughness needs to be
better determined for both design conditions and for use in
hydraulic uncertainty analysis, Sequencing of levee failures and
downstream effects need to be determined for existing conditions.
Design of the overtopping levee sections requires significantly

more detailed studies for feasibility level to develop the most

cost effective, safe design. Physical model studies may be

necessary in arriving at such a design.

Determination of hydraulic conditions in the near vicinity of
the overtopping sections and simulations of how progressive
flooding affecﬁs conditions may require the use of a two

dimensional model.

14
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REGION I:

BURLINGTON AREA

D e L L L L L L T R R R R R R P L NN

[l SN ]

--------------

DIKES -
. Clearing
. Stripping (12 in.)

. Gravel
. Topsoil
. Seeding

O % da O b

. CULVERT (CKP)

1. 18"
2. 24"
3. 36"

FLAPGATE

1. 38"

2. 24"

3. 38"
LEVEES -

. Clearing
. Stripping

. Gravel
. Topsoil
. Seeding

. (1]
[T WO XN o]
=

PUMPS -

1., 30 efs

2, 100 cfs

3, Truck mounted manhole

OVERFLOW LEVEE RIPRAP
1, Riprap

2. Quarry Spalls

ACCESS RAMPS
ROAD CRQSSING
1. 2" A.C. pavement
2. Gravel, road base
3. Bituminous
Surface Treatment

PAVED ROAD
RELOCATED BUILDINGS
20" SHEET PILE WALL
GAUGES SLOUGH

1. Screw gate

2. Flapgate

. Embankment from Excav.

. Embankment from Excav.

ACRE

1984
CY
(0 4
SY

gER

nRER 2 Qzey

e

- -

5.2
33500
124000
14800
9600
86500

660
200
180

[

3
22500
168000
22600
7400
92500

o’

70500
21200

36

6540
3480

6540
440

31
120

—

1900
2100
2700

3000
1.2
4

9

16
0.4

23000
121000
15000

24
20

2500

10

1

7
22000
300

2500
2100

153,600
34,600

9.940
3,200
5,760

11,400
8,400
2,700

9,000
27,000
672,000
203,400
118,400
37,000

69,000
484,000
45,000

1,692,000
424,000
90,000

45,780
34,800

6,540
3,080
682,000
36,000

2,300
2,100




M. RIVER WIDENING
1. Excavate to embankment
Burlington/Mt. Vernon

K. NMISCELLANEQUS '
1. RELOCATE C0. RD.
a. 2" A.C. pavement
b. Gravel, road base
¢. Bituminous
Surface Treatment

I-5 BRIDGE

. RAILROAD BRIDGE

. HWY 99 BRIDGE

. UTILITY CROSSING

. PROTECTION OF WELL

Oy N I (0 B

MAINTENANCE/YEAR

Y

MI

1500000

35200
3920

35200

22500
12000

25

10
1

50000
110
110

5000

10000

6,000,000

246,400
39,200

35,200

50,000
2,475,000
1,320,000

5,000

10,000

- TOTAL =$15,775,000

5000

225,000




REGION II: NMOUNT VERNON AREA

AR SR AR S e e s e R SR SR D e L e e W e e T TR A D S G e g R S e A e e e A T R W U e W EE S G A

Feature or Item Unit Quantity Price Amount
A. DIKES -
1. Clearing Acre 2.2 3000 6,600
2. Stripping (12 in.). sY 22000 1.2 26,400
3. Embankment from Excav. CY 229000 4 316,000
4. Gravel i cY 9600 g 86,400
5. Topsoil CcY 7300 16 116,800
6. Seeding sY - 17700 0.4 31,080
B. CULVERT (C¥P)
1. 18" LF 380 9 3,420
2, 24" LF 100 le 1,600
3. 36" LF 120 32 3,840
C. FLAPGATE
1. 18" EA 6 1900 11,400
2. 24" EA 2 2100 4,200
3. 3" z 1 2100 2,700
D. GD¥ LEVEES - _
1. Clearing ACRE - 4 3000 12,000
2. Stripping _ cY 30300 1.2 36,360
3. Embankment from Excav. CY 176000 4 704,000
4. Gravel CY 35800 9 323,100
"5. Topsoil CY 8900 16 142,400
6. Seeding SY 1111000 0.4 44,400
E. PUNPS - '
1. 15 cfs A 2 17500 35,000
2. 30 cfs EA 3 23000 69,000
F. OVERFLOW LEVEE
1, Riprap Y 67000 22 1,474,000
2. Quarry Spalls cY 20100 18 361,800
G. ACCESS RAMPS EA 45 2500 112,500
H. ROAD CROSSING EA 1%
1. 2" A.C. pavement sY 16400 7 114,800
2. Gravel, road base cY 8700 10 87,000
3. Bituminous
Surface Treatment sY 16400 1 16,400
I. TILT-UP FLOODWALL -8F 6900 35 241,500
J. PAVED ROAD SY 1100 7 7.700
K. RELOCATED BUILDINGS EA - 50 22000 1,100,000
L. NMISCELLANEOUS
1. RELOCATE CO. RD. MI. : 2
a. 2" A.C. pavement sY 35200 7 246,400

b. Gravel, road base CY 3920 10 39,200




c¢. Bituminous
' Surface Treatment
. UTILITY CROSSING
. MT. VERNON BRIDGE
. SEWAGE TREATMENT PLANT
. FIR ISLAND TIDE GATES
. N & S FORK LEVEES
Embank. from Excav.
10, STANWOOD CROSS LEVEE
11. PROTECTION OF WELL

W oo -2

MAINTENANCE/YEAR

5Y
EA
SF
EA
LS

cY

LS

EA

30

1

5000
110
50000
500000

4
50000
10000

TOTAL =

5000

35,200
3,000
440,000
- 50,000
500,000

40,000
50,000
10,000
§7,508,200

150,000




REGION III: SEDRO WQOLLEY AREA

—-------—u-_---—----_-------—q-—----_--—-—a-------—-q-----—--

Feature or Item Unit Quantity Price Amount
A. DIKES -
1. Clearing Acre 0 3000 0
2. Stripping sY 1700 1.2 2,040
3. Embankment from Excav. CY 37200 4 148,800
4, Gravel : cYy 600 10 6,000
5. Topsoil Y 800 14 11,200
6. Seeding SY 9600 0.4 3,840
B. CULVERT (CMP) - :
1. 18" LF 100 9 900

- C. TFLAPGATES -

' 1. 18" EA 2 1300 3,800
D. ACCESS RAMPS EA 6 2500 15,000
E. ROAD CROSSING EA 5

1. 2" A.C. pavement SY 5500 7 38,500
2. Gravel, road base Y 2900 10 29,000
3. Bituminous
Surface'Treatment SY 3500 1 5,500
F. PAVED ROAD sY 400 7 2,800
G. RELOCATED BUILDINGS EA 1 22000 22,000
H. NISCELLANEOUS
1. UTILITY CROSSING EA 1 2000 2,000
TOTAL = §291,380

MAINTENANCE/YEAR XI 4 5000 20,000




APPENDIX &

REAL ESTATE REPORT

Real Estate for Alternative No. 2 - Urban Flood Control and
verflow Levees in Rural Areas

It is currently estimated that approximately 445 acres of land

would be needed to suppoort Alternative Number 2. There are
approximately 757 ownerships involved. Land usages include
irrigated/agricultural, residential, and commercial. The real
‘estate requirements and cost for the proposed project is summarized

- below.

a. Public Law 91-646 Relocation Benefits. It is currently

estimated that there may be 26 residential relocations, 36 tenant
relocations and 15 business relocations és a result of Alternative
Number 2. Relocation benefit costs at this time are estimated to
be $1,276,000, not including Local Sponsor and Federal

administrative costs.

b. Relocations. Road relocations are anticipated to be

necessary in Region I, Burlington Area for the river widening
portion of the project; and Region II, Mount Vernon Area along a
portion of the main stream, and the North and South Forks of the

Skagit River.

c. Mitigation. The precise method of mitigation for this

project is undetermined at this time. As the type and amount of




mitigation are decided during the feasibility phase of the study
the need and extent of additional lands, easements and rights-of-

-

way will be determined.

d. Estates. The proposed estates to support Alternative
Number 2 consist of permanent fleod protection levee eéséﬁents;
channel improvement and flowage easements; road easements; drainage
ditch easements; and utility and/or pipeline easements. If
mitigation of fish and wildlife and cultural resource losses are
determines aé necessary a fee estate for mitigation lands is
required. Temporary easements are needed for the temporary work
areas, disposal area, for excavated material from the river
widening portion of the project, and temporary access easements for

ingress and egress during construction.

e, Initial Real Estate Cost Estimate. The real estate cost

estimate of $10,000,000 plus 2,000,000 cohtingency for Alternative
Number 2 includes an estimate for lands and damages (including land
needed for road and potential utility and/or pipeline relocations);
Public Law 91-646 relocation benefits; and both Federal and Non-
Federal administrative costs for acquisition of lands, easements

and rights-of-way.

The estimated cost and acreage provided'does not take into
consideration the consequence of a court ruling on a pending

federal district court law suit, Halverson, et al v, Skagit County




et al, filed by individuals representing all persons who resided
in, or who own property and/or business in-the Nookachamps,
Sterling Hill, Lafeyette Road and Clear Lake locality, (the
"Inundated Communities"). In September 1992, plaintiffs filed a
suit against Skagit County, and Diking Districts No. 17 and 12 in
U.S. District Court for the Western District of Washington.
Plaintiffs seek redress from the County and two diking districts
for unéonstiﬁutionally taking plaintiffé' property without
compensation by intentionally diverting water from the Skagit River
onto plaintiffs' land, therébyAusing plaintiffs' properties as a
storagé basin for additional and unnatural amounts of water. Two
types of relief are being sought by the_plaintiffs, monetary relief
and equitable relief. Relief is sought for (1) the "taking" of
plaintiffs' property by intentially diverting water from the Skagit
River onto plaintiffs' land, thereby causing a diminution in market
value of their properties by the phblic use of their private
properties by defendants' opreration of the diking system; (2) for
damages incurred during the 1990 inundation of their property by
water diverted from the.Skagit.River; (3) to enjoin future actions
of defendants that couid‘incréase the likelihood.of inducted
flooding on plaintiffs’' properties:'and (4) injunctive relief
requiring defendants to ameliorate some of the induced flooding

that will impact the Inundated Communities.




APPENDIX ‘5

FISH & WILDLIFE REPORT -
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INTRODUCTION

The Corps has undertaken this reconnaissance level study under the authority of
the Puget Sound and Adjacent Waters Comprehensive Water and Related Land Resource
Study from the Flood Control Act of 1962, Public Law 87-874, Section 209. This
planning aid report provides a reconnaissance level description of the fish and
wildlife resources of the Skagit River basin study area and of potential project
related impacts to those resources. It also provides recommendations to assist
the Corps in avoiding or mitigating potentially adverse impacts. The purpose
of the reconnaissance study is to comprehensively examine multiple alternatives
for flood damage reduction for further feasibility studies. The Corps, agency
staff members, and members of the public initially identified roughly eight flood
damage reduction alternatives. They include: :

1. A cut-off levee to protect Stanwood from the South Fork Skagit River.
2. Relocation of the waterfowl feeding area on the fsland between Freshwater

and Steamboat Sloughs so that the levee at the upstream end can be breached
and the island allowed to flood.

3. Development of set back levees. on the Fir Island side of the North Fork
of the Skagit River, including a trestle on the island side bridge
abutment.

4.  Placing the west approach to the Division Street bridge in Mount Vernon

on a trestle to reduce that bottleneck effect.

5. Development of a variation of the Avon bypass concept, now considering
routes to Samish Bay and entrance points upstream of Burlington, to
alleviate bottlenecks at the Burlington Northern Railroad bridge and the
Highway 99 bridge.

6. Improvement of the channel capacity at the Burlington Northern Railroad
and Highway 99 bridges.

7. Develop a levee to protect Clear Lake and floodproof structures in the
lower Nookachamps sub-basin.

8. Develop a flood warniﬁg system for areas upstream of Sedro Woolley.

These alternatives were examined in limited detail early in the reconnaissance
phase, Subsequently, the Division Street bridge alternative has become a
separate Section 205 reconnaissance study. An overflow bypass to the Samish
River is being investigated in greater detail, and local interests have requested
the inclusion of an alternative limited to ring dikes around the Mount Vernon
and Burlington urban areas accompanied by a series” of overflow weirs.

‘This report is organizad to provide general and specific coverage. The project

was First described as a comprehensive study covering the lower river basin,
however, a broader description of the river and its adjacent environment and
resource inventory is included. The specific measures described to the Service
are limited in area and scope to the lower segment of the river basin; therefore
specific descriptions of project sites, resources, and potential impacts follows
the general description. '




PROJECT LOCATION AND DESCRIPTION

It is possible to describe the lower Skagit valley in the context of floods and
flood damage reduction only by also including the lower Samish River. Before
dikes and levees were constructed in either basin, Skagit floodwaters mixed with

the Samish rather frequently. Most of the study area is now diked, the earliest

having begun in the 1860's, and organized diking districts were formed in the
late 1890's (Corps, 1979). The reconnaissance study area described by the Corps
includes the lower basin and valley from south of the mouth of the South Fork
of the Skagit at the dike road dividing the Skagit valley from Stanwobd, north
along Skagit Bay, Padilla Bay to Samish Bay and the mouth of the Samish River,

up the Samish River to Interstate 5, and up the Skagit to the Highway 9 bridge
near Sedro Woolley.

The lower Skagit valley is a moderately broad, flat floodplain of rich soils well
suited to agriculture. Not surprisingly, that is the primary land usé in the
lower valley, and it includes dairy farms and flower bulbs, vegetables, seed,
berries, and wheat as the major crops, with over 100,000 farmed acres county-
wide (Corps, 1979). About 60,000 acres are located in the flood plain study
area, not counting an additional 14,000 flood plain acres in common with the
Semish River (Corps, 1979). Several cities and towns also occupy the floodplain
study area. They include LaConner, Conway, Mount Vernon, Burlington, Sedro
Woolley, Avon, Allen, and, to the north of the Samish River, Edison. High ground
in the lower valley is limited to Bew Hill, Bayview Ridge, Pleasant Ridge,
Burlington Hill, and Sterling Hill. HMount Vernon abuts the higher ground to the
east and southeast that form the left bank edge of the Skagit valley.

From Highway 9 near Sedro Woolley, the Skagit River flows west toward Burlington,
thence generally south. Just past Mount Vernon the river divides into its major
distributaries the north and south forks. Lacking any interference, it is the
nature of the lower Skagit River to braid into numerous channels and to meander
across the lower valley. The north fork flows southwest to Skagit Bay at a point
gsouth of LaConner. The south fork flows almost due south, but further divides
into still smaller distributaries that include Freshwater Slough, Steamboat
Slough, and Tom Moore Slough. These divide still further into several minor
distributaries.

The principle project alternatives are now reduced to two. The first is a flood
bypass channel with a diversion located between Burlington and Sedro Woolley.

The proposed channel capacity would be 80,000 cfs. The diversion would likely
‘be located along Hart Island Slough just south of Highway 20. The preliminary
route is north around Sterling Hill to Butler Flat and into the Samish River near
its confluence with Thomas Creek. A channel excavated five feet deep and half
a mile wide would be nesded. The flood channel would then follow the course of
the Samish River to Samish Bay. This channel would also have to carry the Samish
River and its floodwaters. The Samish River channel and floodway would be
straightened in an east-west orientation for nearly a mile in the vicinity of
Chuckanut Drive in order to miss Allen. By picking up the lower Samish River,
some flood damage reduction benefits might be claimed for this area also. About
50 miles of levees in the lower valley would have to also be upgraded in this
alternative, but the final project would provide 100 year flood protection to
the lower valley downstream of Highway 9.

The second principle alternative includes ring dikes around the urban areas of
Mount Vernon and Burlington, accompanied by a series of six overflow weirs from
Hart Island Slough to Fir Island. The ring dikes would provide 100 year £lood
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protection to the urban areas, and ‘the overflow weirs would extend 25 year
protection to the rural areas. The precise locations of the features of this
alternative will not be described until the feasibility study, but the general
description is as follows:

The Burlington dike would leave the Skagit River near Sterling bend and stretch
northerly to Sterling Hill, then to Burlington Hill, then west to I-5 and south
to elementary school, then west to about Pulver Road, then south to the Skagit,
then upstream to the point of origin. ' -

The Mount Vernon dike would begin near ‘the Burlington Northern Railroad ‘bridge
and extend west along the river to the city limits, then south to Riverbend Road,
then downstream along the river through town to the sewvage treatment plant, then
south along Britt Slough to Blackburn Road, then east to high ground,

The overflow weirs would be located near Hart Island Slough, downstteam of the
Mount Vernon dike, downstream of the Burlington dike, near Memorial Highway, near
the mouth of Britt Slough, and near the 1990 break at the Fir Island dike.
Unspecified additional levee improvement work would also be a part of this
project alternative. We understand these sites are preliminary and are described
for reconnaissance study and evaluation purposes only.

FISH AND WILDLIFE RESQURCES IN THE SKAGIT RIVER BASIN

The Skagit River is the largest drainage in Puget Sound, contributing
approximately one-third of its freshwater inflow. The river drains flat lowlands
and foothills in the western end of Skagit County and mountainous areas including
six and seven thousand feet elevation peaks in the remainder of the basin. The
mainstem Skagit iz 162 miles in length, including 35 miles in Canada. The
watershed area is 3,093 square miles upstream of Mount Vernon, with 400 square
miles in Canada (USGS, 1991). Average annual runoff exceeds 11.7 million acre-
feet per year with an average discharge of 16,220 cubic feet per second at Sedro
Woolley. The river drains Skagit and part of Whatcom and Snohomish Counties as
well as the portion in southern British Columbia.

The Skagit has a very slight gradient, averaging less than one tenth of one
percent, from fts mouth to Gorge powerhouse at Newhalem. The Newhalem stream
gage near River Mile 93 is at elevation 393 feet above mean sea level at average
stream flow, Most of the land in the study area and the entire valley floor has
been converted from its natural condition. The principle land uses are
agriculture, with numerous dairy farms in the lower valley; rural residential
development; small towns; and limited forestry. The stream banks of the lower
river are natural sharp earth cuts through sandy silt soil or artificially
contoured or riprapped dikes. = A significant proportion of the study area
streambank has been armored with riprap. The stream bed likewise consists of
sand and silt with limited deposits of gravel downstream of Highway 9. Riparian
cover is intermittent, consisting primarily of occasional thickets of deciduous
trees and underbrush. The most common streamside feature is a grass covered
levee,

Utilization of the lower mainstem by anadromous fish is primarily for upstream
and downstream migration and juvenile rearing (Williams, 1975). Very little
mainstem spawning by adult salmonids occurs downstream of the Highway 9 bridge
near Sedro Woolley. The frequency of occurrence of gravel bars increases
upstream of Sedro Woolley, and especially upstream of Lyman, and mainstem spawner
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densities also increase as one progresses upstream, Fish production in the
mainstem is limited by lack of stream channel complexity, riprap, stream bank
clearing and maintenance, channelization sedimentation, and channel shifting.

The last of these limiting factors is the only one resulting exclusively from
natural processes. All the others are caused by or exacerbated by human
development. According to information provided by the Skagit System Cooperative,
flood protection measures have caused the greatest loss of juvenile salmon
rearing habjtat because they have effectively isolated the river from much of.
the floodplain (Wasserman, pers. comm.). The Skagit Coop also found-that the
juvenile standing crop was reduced 90% for coho and 50% for all salmonids
combined along diked and protected banks of the mainstem Skagit compared to
natural streambank areas.

' The considerable fish and wildlife resources of the lower Samish River basin are
also important to this reconnaissance level project evaluation. A general
description of them is included. .

AQUATIC RESOURCES

The fisheries resources of the Skagit River evolved with the basin’s hydrologic
cycle pretty much as it exists today, with large seasonal flow variations, from
draught to flood, modified somewhat by development and operation of five major
hydroelectric developments; three on the mainstem Skagit and two on the Baker
River. Two of the projects, one each on the Skagit and Baker, are storage
projects that alter the time of water release from the controlled portion of the
basin from late spring and summer to the winter season for electrical power
generation. Significant at the present and local scale, is changing land use,

from old growth forests and a low average rate of change in landscape features,
to agriculture, residential and urban development, and farm forestry; with their
relatively rapid changes to landscape features. The rates of change commonly
exceed the rates of the stabilization processas that typically accompany change.
These have influenced important stream channel modifications, especially in
tributaries, from a fisheries habitat perspective. Channel complexity has been
reduced. Large woody debris has been removed, reducing the frequency of pools
and the quantity and quality of juvenile salmon habitat. Levees have been built
that reduce the channel width and reduce the width of meanders.

Biolégists have identified five characteristics of wviable anadromous fish
habitat, They can be summarized in the following way:

Aeccess to and from the sea,

An adequate supply of good quality water,
Suitable gravel for spawning,

‘Food, and
' Sufficient shelter.

* % % % ¥

These are features generally abundant but specifically lacking in the Skagit
River system. Access to and from the Baker River is the significant exception;
anly a limited amount of known anadromous fish habitat existed upstream of two
~of the Skagit dams. Access is othervise seldom or never compromised, except
possibly at extreme low flows at some tributary locations. The water quality
is described by the Washington State Department of Ecology as AA, its highest
rating. Occasional floods scour incubating eggs from the gravel and prematurely
drive juvenile salmonids to the sea when shelter is lacking. Low summer flows
limit juvenile rearing habjitat in tributaries but not the mainstem. Spawning
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gravel is abundant throughout most of the basin, but is least common in the lower
mainstem, which is in the project study area, and much of that is tidally

" influenced. Food is usually not limiting for juvenile salmonid production, but

it may affect production in the glacially influenced tributaries.

Hydrologists and stream geomorphologists indicate that changes in land use and
intensive logging and road building in the watershed contribute to increased
frequency of occurrence of lower and higher stream discharges. These variables
exacerbate the delicate dynamics of the habitat components and fish reproduction
in the Skagit River basin,

The Skagit River system supports major populations of anadromous fish, including
five Pacific salmon species and trout, char, and sturgeon. The salmonid species
include spring and summer/fall chinook salmon, Oncorhynchus tshawytscha; coho
salmon, 0. kisutch; pink salmon, 0. gorbuscha; chum salmon, O. keta; sockeye
salmon, O. nerka; steelhead trout, 0. mykiss; cutthroat trout, O. clarki; Dolly
Varden char, Salvelinuz malma; and bull trout, S. confluentus. The other
anadromous species is white sturgeon, Acipenser transmontanus. The river system
provides spawning, rearing, and migration habitat for the respective life stages
of these species in the study area and throughout the accessible reaches of the
basin. Most of ‘these migratory fisheries resources are the result of self-
sustaining natural production. Hatchery fish culture does augment the production
of spring and summer chinook, coho, and steelhead. Large populations of pink
and chum salmon are the result of natural production in the basin. Recent year
average production from this basin has been:

Skagit River Salmon z;og; ction'

ta vears
Spring Chinook 5,300 86-90
Summer/fall Chinook 49,800 85-89
Coho* 149,900 88-90 -
Pink 1,350,000 ’ 85-90
Chum,” even year 258,900 85-90
odd year 68,000 85-90

- Steelhead" ' 16,800 81-91

1. Total catch and escapement, including Canadian catch.

2. Includes both hatchery and natural production.

3. Chum exhibit even and odd year variations in abundance attributed to
interaction with pink salmon.

(Sources: Puget Sound salmon stock review group, 1992; Northwest Indian Fisheries
Commission, Joint Gbjectives and Goals, U.S./Canada salmon treaty document, 1991;
Chinook Technical Committee Report 92-4, U.S./Canada, 1992; WDW 1991.)




The chinook salmon are considered locally to occur as two discreet races, or
stocks: spring and summer/fall, corresponding to their season of freshwater
entry as adults. Spring chinook enter the Skagit River system in peak numbers
in the months of May and June. They ascend the mainstem, dispersing to spawn
in the upper Cascade River, the upper Sauk River, and the tributaries of the
Suiattle River, spawning from late July through early September. This stock is
now cultured in small numbers at the state hatchery at Clark Creek near.
Marblemount. Egg incubation lasts through the fall. and winter, with juvenile
emergence beginning as early as January, but probably not peaking until- March.
The young fish rear in freshwater for a few months or up to a year, with most
of the smolts emigrating over a protracted spring outmigration, from March to
July, pesking in May. :

The summer/fall chinook begin entering the river in late June, with the peak of
the run in the last week of July and first week of August, and some fish entering
through the autumn. The peak period of spawning is in September: - Spawning
occurs in the mainstem from Lyman upstream to Newhalem and the middle and lower
Sauk River, the Cascade River, and a number of the major tributary streams. This
stock of fish is also cultured at the Clark Creek hatchery. Peak emergence of
the summer/fall chinook 'is in March, and most of the juveniles undergo
smoltification and outmigration in their first spring as sub-yearlings. Juvenile
emergence occurs earlier at the hatcheries because of warmer thermal regimes,
but the outmigration usually coincides with that of the naturally produced fish,

Significant numbers of coho salmon enter the river from late August through
November, with the peak of the run coming in October. Coho spawn in =all
accessible tributaries, and peak spawning usually occurs in December. Coho are
also cultured at the state and tribal fish facilities. Peak emergence of
naturally spawned coho is in April, with the juveniles rearing throughout the
river basin for one year prior to wmigrating as yearling smolts in their second
spring. The peak month for the coho outmigration is May.

Pink salmon return to the Skagit River in odd numbered years only, beginning
their upstream migration in mid-August and lasting into October. Spawning
usually begins by mid-September and is completed by late October. Pinks spawn
in the mainstem from Lyman to Newhalem, the Sauk, the Cascade, and nearly all
tributaries except the Baker. Juvenile emergence peasks in March and April,
Young pink salmon are smolts at emergence, and immediately begin their downstream
migration. Very few pink salmon are cultured in the Skagit basin.

Chux salmon enter the river in largs numbers from October through December, Peak
spavning is in December. Most spawning occurs in the mainstem and side channels
and sloughs in the upper river upstream of Rockport. Significant numbers also
spavn in the Sauk and Cascade Rivers as well. Juvenile emergence and
outmigration occur in March through May. Like the pink salmon, juvenile chum
do not rear very long in freshwater. Most of the chum salmon production is the
result of natural production; few chums are cultured in the Skagit.

A depressed sockeye salmon run returns to the Skagit River each year at mid-
summer to spawn in specially developed beaches in the Baker River system. This
population appears to have been adversely affected at the smolt outmigration
stage by the development and operation of hydrcelsctric facilities on the Baker
River. The power company, state, federal, and tribal fisheries agencies are
attempting to restore the sockeye population to viability. Juvenile sockeye are
usually lake rearing obligates, and they rear in Baker Lake for one year before
emigrating in their second spring. Most of the production results from natural
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xearing, however, some sockeye smolts are artificially reared each Year as a part
of the restoration program.

Four stocks of steelhead occur in the Skagit basin. Hatchery winter run
steelhead enter the system primarily in December and into February, peaking
efther in December or January. Spawning usually occurs in January through March
in the vicinity of release sites or collection facilities. Native winter run-
steelhead begin entering f{n January, and run entry timing extends through March.
The native fish spawning is well distributed in the mainstem, all major
- tributaries except the Baker, and most minor tributaries from mid-March until
early June, peaking in mid-May. A small run of summer steelhead also oceurs in
the Skagit, some hatchery and some native. They may enter as early as May and
trickle in through September or October, but most would enter in June through
August. Summer steelhead may be found anywhere in the accessible basin, but are
most common in the upper mainstem, the upper GCascade, the upper Sauk, and
selected tributaries. The summer run fish are believed to spawn in Pebruary and
March in these upper headwaters and tributaries. Juvenile steelhead emerge from
the gravel in June through August and rear throughout the basin for two, and
sometimes three years, before smolting. Most steelhead smolts emigrate from mid-
April through May.

Searun cutthroat may run in the Skagit over so broad a period as to seem
resident, however, the main spawning run occurs from August through October.
The fish are well dispersed in the mainstem up through the middle reach and its
tributaries. Cutthroat spawning peaks in February or March, with the juveniles
emerging in the late spring. Juvenile cutthroat, like steelhead, rear in
freshwater for two or three years before migrating to saltwater in the spring.

Dolly Varden/bull trout char are quite common to the Skagit River system. They
can be found in the river throughout the year, but the principle adult migration
is in the late summer and early fall. Dolly Varden spawn in the upper accessible
reaches of the major tributaries from September through November. Like steelhead
and sea run cutthroat, juvenile Dolly Varden rear two or three years in
freshwater prior to smoltification. The juvenile outmigration occurs in the
spring. :

All the Pacific salmon species die after spawning. The trout and char may
' survive, return to marine waters and make a subsequent’ spawvning run. Post
spavning steelhead kelts may return to salt water shortly after spawning, but
cutthroat and Dolly Varden typically overwinter in freshwater and return to
saltwater the following spring, often feeding on outmigrating pink and chum
salmon smolts along the way. '

Other migratory fish utilizing the Skagit basin includes white sturgeon.
Information on this species and its numbers is limited. Sturgeon are sparsely
distributed, and probably utilize only the lower river. They spawn in the spring
and early summer, favoring sandy substrate for their spring spawning rather than
the gravel that predominates further upstreanm.

Several resident fish species are also common to the river basin. The mainstem
and various reaches of the forks and tributaries support resident rainbow and
cutthroat trout, resident Dolly Varden and bull trout, ‘whitefish, sculpins,
large-scale suckers, peamouth, and daca.

‘The Samish River also produces important popﬁlations of anadromous fish. A major
run of fall chinook salmon is supported by the state salmon hatchery on Friday
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Creek. Natural production of ccho and chum salmon in this basin account for
about 18,000 and 2,500, respectively, each year. Steelhead, primarily a hatchery
supported winter run, and cutthroat trout, each population numbering in the
hundreds, are also present in the Samish.

The project study area traverses predominately agricultural lands interrupted
by several towns and rural communities, as well as scattered rural residences,
eccurring singly and in clusters., Limited deciduous forest cover is found along
‘the river within the study area, scattered between Mount Vernon and Sedro Woolley
and along the lower forks. Most wildlife species ‘typical of the region are found
in or near the study area. Memmals include game species such as blacktail deer,
as well as fur bearers like beaver, mink, muskrat, raccoon and river otters.

Deer may be expectad wherever forest browse and cover are nearby. The furbearing:

species occur throughout the study area. Rabbits and rodents are likewise common
throughout the study area. Coyotes are abundant, and foxes may be found at some
locations, ' :

- Numerous bird species are present, either as seasonal migratory species or year
round residents. Several raptor species occur in the Skagit valley, including
" threatened and endangered ones like bald eagles and peregrine falcons. Wintering
bald eagles commonly feed on spawned out salmon carcasses along gravel bars of
the Skagit River, with the upper river outside the study area receiving the
‘greatest eagle utilization. Other common raptors are red tailed hawks, northern
harriers, kestrels, ospreys, great horned owls, and barn owls. A large number
of passerine species are present in the study area, most of them seasonally,
Waterfowl are more common to lakes, ponds, and marine waters, but they are
important species in the study area as well. Trumpeter sand tundra swans, Canada
goose, snow goose, mallard, widgeon, teal, and other ducks occur there. The
common merganser, blue heron, and ouzel, or dipper, are common year round
residents. The belted kingfisher is found along all river reaches in the study
area. Ruffed grouse are common to all deciduous forest areas, and introduced
ring-necked pheasant occur near shrub and brushy cover, particularly near the
wildlife management area on the south fork.

SITE SPECIFIC FISH AND WILDLIFE RESOURCES

ALIERNATIVE ONE

This alternative provides improvements to the existing levee system along the
Skagit River from Sedro Woolley downstream to the mouth, inecluding both forks.
It also includes the development of a diversion structure between Sedro Woolley
- and Burlington and a bypass channel with an hydraulic capacity of 80,000 cfs.
'This channel would be routed north and merge with the Samish River where the

managed channel would require increased hydraulic capacity to also accommodate
the Samish and 1its concurrent floodwaters.

All of the fish and most of the wildlife resources common to the Skagit basin
~ otcur in and around this project alternative. Chinook, coho, pink, chum, and
sockeye salmon, steelhead, cutthroat, and Dolly Varden migrate upstream and
downstream through the project area. Some of the species utilize rearing habitat
in the proposed project area as well. Wildlife species include all the
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previously described mammals and many of the passerine birds. Water oriented
birds like blue heron, kingfisher, scuzel, and mergansers occur here. Waterfowl,
including trumpeter and tundra swans overwinter here. Grouse are common to parts
of the area. Red tail hawks, ospreys, peregrine falcons, and bald eagles are
found seasonally and year round.

ALTERNATIVE TWO

Again, all the earlier described fish species migrate through this part of the

. study area. The Mount Vernon and Burlington urban areas would not be expected

to support extensive wildlife populations, although deer and raccoons are sited
fairly often. Terrestrial habitat is limited to urban backyards, agricultural
land recently converted to commercial and residential development, and cultivated
agricultural cropland. Passerines, wading birds, waterfowl, raptors, beaver,
mink, and otter probably utilize the non urban area. The remainder of the
alignment is on agricultural or recently converted farmland and probably supports
some small rodents and other mammals.

THREATENED AND ENDANGERED SPECIES

The proposed project is in the normal range of wintering bald eagles. Bald
eagles are listed by the federal govermnment as a threatened species in the state
of Washington. The Skagit River is known to provide significant habitat to the
second largest concentration of wintering bald eagles in the lower forty-eight
states because of important runs of spawning salmon, whose spent carcasses
provide a ready source of food. The river corrider contains suitable perch trees
and gravel bars for resting and foraging, while nearby coniferous forest stands
provide night roosts. There are active nest sites along the river and elsewhere

.in the basin as well, but they are outside the project study area. Nesting

peregrine falcons occur near the project area, and foraging by wintering falcons
from January through March has been reported within the project area (Bud-
Anderson, Falcon Research Group, pers. comm.). Bull trout occcur in the Skagit
basin, and three other candidate species described on the attached species list
may occur in the project area. :

' In accordance with Section 7(a)(2) of the Endangered Species Act of 1973, as

amended, the Corps is required to assure that their actions have taken into
consideration impacts to federally listed or proposed threatened or endangered
species for all federally funded, constructed, permitted, or licensed projects.

Therefore, the Service has enclosed a species list (Attachment A) as a response
to Section 7(c) of the Endangered Specles Act. If the proposed project requires
the preparation of an Environmental Impact Statement, the Corps should prepare
a biological assessment. Those responsibilities are described in Attachment B,

POTENTIAL IMPACTS TO FISH AND WILDLIFE RESOURCES

Project Alternative One appears to have the greater potential to adversely affect
fish and wildlife resources of the Skagit and Samish River basins through
imposition of the larger disturbance to the landscape and one of the rivers
involved by constructing the flood bypass channel. It is not cleaxr at this time
how much of the disturbance would be temporal and how much might be permanent.
Direct impacts from the bypass overflow structure should be limited to little
more than the footprint, but it would probably be larger than existing levee
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structures. The bypass channel to the Samish River would involve najor
excavation of land that is presently xural residential and agricultural. The
agricultural lands are extensively utilized by wintering waterfowl, including
trumpeter and tundra swans. Depending on subsequent management of the bypass
channel, continued ayailability for foraging waterfowl is a concern.

Setback levees paralleling the Samish River should not induce direct impacts to
fish or wildlife, and they may provide wildlife habitat improvement opportunities
through vegetation management. However, if clearing and grubbing of the Samish
River riparian zone is necessary to improve flood water conveyance, then adverse
habitat impacts will accrue to both fish and wildlife resources. -

The proposed channel straightening of the Samish River at Allen would reduce
‘habitat quantity by reducing chamnel segmént length, and it may reduce habitat

quality through removal of riparian vegetation and instream channel features.

Another effect of the proposed project would be from concentrating flood flows
into a confined, managed channel. Under nom-project conditions, overbank
flooding would be spread over a larger area of the flood plain, eventually
entering marine waters at several locations. A flood bypass channel would

-concentrate freshwater entry and sediment deposition off the mouth of the Samish

River. A detailed assessment of these impacts would be the subject of project
feasibility studies, but the Service is concerned about potential impacts to
oyster culture in Samish Bay and to eel grass and crab resources.

There is insufficient information about the project to gage the net impact to
fisheries at this time. Floods are usuelly negatively correlated to subsequent
brood returns of salmonid fishes. Upstream migrations are inhibited by very high
flows, and overbank flooding allows many adult fish to migrate out of the river
channel and onto the floodplain where they may become stranded when the
floodwaters recede. Offchannel storage creates refuges for juvenile fish from
flood forces, but those areas may subsequently strand fish. Absent any
significant off-channel refuge, juvenile fish are often washed out to marine
water during floods. Most of the young fish are presumed to perish, since the
majority are not seawater tolerant when winter floods occur.

The proposed project features would commingle Skagit and Samish River floodwaters
at about a six year frequency and presumably the fish as well. This occurrence
does not appear to differ significantly from historic conditions, but it would
be more frequent than occurs under existing conditions with extensive levees on
both river systems. The straying and eventusl stranding of fish is an expected

‘result, however, it does not appear ‘possible to predict how much would be caused

by the project. It is unclear if a project-induced adverse biological impact
may accrue to the fishery. Fish mayibe lost to the intended spawning escapement,
but that is a common occurrence. @s a result of flooding under existing
conditions. Social and economic ldss and displaceilent to important treaty and
non-treaty commercial fisheries seem more likely.

Additional levee construction work along the river bank as a part of this project
altarnative may have the most potential to adversely affect fish. As we reported
above, juvenile fish utilization of mainstem habitat is severely reduced in areas
modified by flood protection measuras guch as levees and riprap. Although most
of the project study area riverbank is already modified, the Service is concerned
that additional habitat degradation might occur.

10




g

The urban ring dikes of the second alternative should impose few, if any, adverse
impacts to fish and wildlife populations. The urban areas provide minimal
wildlife habitat, and few impacts are anticipated. The urban lévees may provide
some opportunities for habitat improvement or development through vegetation
plans., We anticipate that the ring dikes will include improvements to existing -

- urban levees along the Skagit River. 1t is not apparent at this time that any

unmodified streambank areas will be involved in thils project alternative, This
aspect of the project may have some potential to affect fish habitat through
further streambank modification.

The overflow weirs associated with this project alternative may have greater
potential affect fish and wildlife habitat, even though they will likely be
located along streambanks that are already modified. The overflow weirs would
have a much larger footprint than existing levees, and they could displace
existing aquatic and terrestrial habitat. Further modification of existing
levees may reduce already low aquatic habitat utilization. Wildlife foraging
habitat may be lost to structural features of the overflow weirs.

RECOMMENDATIONS

The following are the Serxvice's preliminary recommendations to avoid or mitigate
potential adverse impacts to fish and wildlife resources. They are based on
reconnaissance level information about the project alternatives and elements
provided by the Corps. If the proposed project is modified during the
feasibility phase, the Service may change its recommendations or make entirely
new recommendations.

1. ' Prepare an iInventory of all areas that could become project lands, and
therefore, affected by the project.

2, Include an aqusatic and terrestxrial habitat assessment and evaluation of
inventoried project lands.

3. DeveloP a fish and wildlife'mitigstion plan in cooperation with the Fish
and Wildlife Service and state resource agencies.

4, Utilize setback levees rathsr than bankside levees. We normally prefer

setback levees because bankside projects interfere with the natural
processes that usually enhance, rather than degrade habitat features.
However, we accept the inevitability that bankside levees are called for
where major highways and towns are at risk.

5. Efforts should be made to protect and enhance any wetlands that may occur
along or adjacent to proposed levee or overflow weir alignments.

6. Revegetate to pre-project conditions disturbed areas where vegetation has
been removed or destroyed. Onsite plantings of native grasses, shrubs,
and trees are preferred. The extent and degree of disturbance of vegetated
areas should be kept to a minimum. In addition, revegetation efforts
should occur in the first season following the disturbance. Construction
equipment should be kept to areas where vegetation disturbance will be
minimized.

7. Coordinate the cénstruction'saison with the Fish and Wildlife Service and
state and local regulatory agencies.
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8. -Avold levee expansion construction actrvity on the riverward side of the
existing levees.

9. Any required riprap work or additions should include large rock groins at
the toe. This provides foundation material for bank armor and also may
mitigate for lost fish hablitat. These may be extended at selected
locations to the surface elevations of flows up to about 18,000 cfs and
vegaetated to offset habitat loss due to levee construction.

10. Evaluate mitigation measures such as:restoration of freshwater flow in
diked off sloughs, such as Steamboat Island and Dry Slough on Fir Island.

11. A monitoring plan should be developed to determine the success of
revegetation efforts, especlally on erodible surfaces.

Should this project advance to the feasibility study phase, the Service.will work
with the Corps to develop a scope of work that will cover our participation in
that phase as well as the preparation of the Fish and Wildlife Coordination Act
report. :
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ATTACHMENT A
LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES AND
CANDIDATE SPECIES WHICH MAY OCCUR WITHIN THE VICINITY OF THE
SKAGIT RIVER FLOOD DAMAGE REDUCTION STUDY,
SKAGIT COUNTY, WASHINGTON -

1-3-93-5P-321 )
LISTED -

Bald eagle (Haliaesetus leucocephalus) - wintering bald eagles occur in the
project vicinity from about October 31 through March 31.

Peregrine falcon (Falco peregrinus) - peregrine falcons occur in the project
vieinity.

Major concerns that should be addressed in your biological assessment of the
project impacts to bald eagles and peregrine falcons are:

1. Level of use of the project areas by listed species.

2, Effect of the project on listed species primary food stocks and foraging
areas in all areas influenced by the project.

3. Impacts from project construction (1.6., habitat loss, increased noise

levels, increased human activity) which may result in disturbance to
eagles and falcons and/or their avoidance of the project area.

" PROPOSED

None.
CANDIDATE
Bull trout (Salvelinus confluentus) - ocgurs'in the vieinity of the project.

California floater (mussel) (Anodonta califbmiensls (Lea, 1852)) - may occur
in the vicinity of the project,

Northern red-legged frog (Rana aurora.aurora) - may occur in the vicinity of
the project. o

Spotted frog (Rana pretiosa) - may occur in the vicinity of the project.




REiELs P

ATTACHMENT B _
FEDERAL AGENCIES’ RESPONSIBILITIES UNDER SECTIONS 7(a) AND 7(c)
OF THE ENDANGERED SPECIES ACT OF 1973, AS AMENDED

. Reqﬁiras: 1. Federa'l agencies to utilize their authorities to ‘carry out
programs to conserve endangered and threatened species;
2. Consultation with FWS when a federal acticén ﬁay affect a _ !
listed endangered or threatened species to ensure that any , i

action authorized, funded, or carried out by a federal agency
is not likely to jeopardize the continued existence of listed-
speciss or result in the destruction or adverse modification

of critical habitat. The process ‘is initiated by the federal
agency after it has determined if its action may affect - .-
(adversely or beneficially) a listed species; and :

e
RS}

3. Conference with FWS when a federal action is likely to
jeopardize the continued existence of a proposed species or
result in destruction or an adverse modification of proposed
critical habitat.

Requires federal agencies or their designees to prepare a Biological Assessment (BA) for
construction projects only. The purpose of the BA is to identify any proposed and/or
listed species which is/are likely to be affected by a construction project. The process
is initiated by a federal agency in requesting a list of proposed and listed threatened
| and endangered species (list attached). The BA should be completed within 180 days after
| its initiatfon (or within such a time period as is mutually agreeable). If the BA is not
| . initiated within 90 days of receipt of the species list, please verify the accuracy of the
list with our Service. No irreversible commitment of resources is to be made during the
BA process which would result in violation of the requirements under Section 7(a) of the
Act. Planning, design, and administrative actions may be taken; however, no construction
may begin. S . ’

To complete the BA, your agency or its designee should: (1) conduct an onsite inspection
of the area to be affected by the proposal, which may include a detailed survey of the
area to determine if the species is presént and whether suitable habitat exists for either
expanding the existing population or potential reintroduction of the species; (2) review
literature and scientific data to determine species distribution, habitat needs, and other
biological requirements; (3) interview experts including those within the FWS, National
Marine Fisheries Service, state conservation department, universities, and others who may .
have data not yet published in scientiffc literature; (4) review and analyze the effects '
of the proposal on the species in terms of {individuals and populations, including
consideration of cumulative effects of the proposal on.the species and its habitat; (5) :
analyzs alternative actions that may provide conseivation measures; and (6) prepare a ..
report documenting the results, including a discussion of study methods used, any problems
encountered, and other relevant information. Upon completion, the report .should be
forwarded. to oux Endangered Species Divisfon, 3704 Griffin Lane SE, Suite 102, Olympia, VA
98501-2192. S _

* "Construction project" means any major federal action which significantly affects the 1
quality of the human environment (requiring an EIS), designed primarily to result in the
building or erection of human-made structures such as dams, buildings, roads, pipelines,
channels, and the like. This includes fedsral action .such as permits, grants, licenses, J
or other forms of federal authorization or approval which ‘may result in construction. '
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